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LUFTELEKTRISCHE UND PHOTOMETRISCHE BE- 

OBACHTUNGEN WAHREND DER TOTALEN 

SONNENFINSTERNIS VOM 30. AUGUST 

1905, IN PALMA (MALLORCA). 

Von J. Elster, H. Geitel und F. Harms. 

Im folgenden erlauben wir uns, dem "Department Terrestrial 
Magnetism'* der '* Carnegie Institution of Washington" einen 
Bericht vorzulegen iiber die *Ausfiihrung des von uns iibernom- 
menen Auftrages, wahrend der Sonnenfinsternis vom 30. August 
dieses Jahres Beobachtungen iiber die elektrischen Eigenschaften 
der Atmosphare innerhalb der Total itatszone anzustellen. 

VORBEMERKUNGEN. 

I. Wahl dks Bkobachtungsortks. 

Aus mehrfachen Griinden konnte fiir uns nur der Teil der vom 
Kernschatten des Mondes bestrichenen Bahn in Betracht kommen, 
der, als schmaler Streifen von der Nordkiiste Spaniens bei Oviedo 
beginnend, sich iiber Burgos, Daroca^ den Mittelpunkt der Linie 
Toriosa-Valetida, die Baiearen nach Constantine in Algerien er- 
streckte. Ausschlaggebend waren allein schou die klimatischen 
Verhaltnisse, die, abgesehen von dem Kiisten- und Gebirgslande 
im Norden, einen ^olkenfreien Himmel fiir das Ende des August 
versprachen. Femer kam hinzu, dass auf der bezeichneten Linie 
die Totalitat nahe um Mittag eintrat, also zu einer Zeit, wo das 
Maximum der Sonnenstrahlung erreicht war, so dass am sichersten 
ein Einfluss der plotzlichen Verdunklung auf die elektrischen Vor- 
gange in der Atmosphare entdeckt werden konnte. Schliesslich 
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2 ELSTER, GEI7EL UNO HARMS IVol. xx. no. i.) 

fiel auch die leichte Zuganglichkeit der genannten Gebiete in's 
Gewicht von der, bei der Schwierigkeit des Transportes der 
empfindlicben Apparate, das Gelingen des Unternehmens wesent- 
lich abbing. 

Da uns bekannt war, dass das Koniglicb preussiscbe Observa- 
torium in Potsdam elektrische Beobachtungen in Burgos plante» 
wahrend bei Tortosa das Obsfrvatorio del Ebro, in Algerien 
franzosiscbe Institute die gleicbe Absicht batten, so entschieden 
wir uns unter Zustimmung des Abteilungsdirektors fiir Erdmag- 
netismus und atmospbariscbe Elektricitat der Caraegie Institution ^ 
Herrn Professor L. A. Bauer, fur Palma auf der Insel Mallorca. 
Erst spater erfuhren wir. dass auf dem Festlande, in Daroca, vom 
U. S, Weather Bureau eben falls elektrische Messungen wabrend 
der Totalitat ausgefuhrt wurden, sodass demnacb mindestens 4 
elektrische Stationen in ungefahr gleichen Abstanden in Spanien 
tatig gewesen sind. 

2. Plan dkr Beobachtungen. 

Da wir allgemeine Vorschlage fiir die Ausfiihrung elektrischer 
Beobachtungen wahrend der Finsternis schon im Anfang dieses 
Jahres eingereicht und in "Terrestrial Magnetism and Atmospheric 
Electricity" veroflFentlicht haben (Vol. X, 1905, p. 17), so wird es 
geniigen, die mitgefiihrten Instrumente bier zu nennen unter 
besonderer Beriicksichtigung der Punkte, in denen wir von utiseren 
Vorschlagen abgewichen oder iiber sie hinausgegangen sind. 

Als selbstregistrierendes Elektrometer batten wir das Benndorff- 
sche empfohlen, das sich fiir den dauernden Betrieb auf meteoro- 
logischen Stationen durcbaus bewahrt hat. Die Aufzeichnung der 
Potentialkurve durch das Instrument ist nicht kontinuierlich, 
sondem gescbiebt durch punktformige Marken, die in grosseren 
Oder kleineren Zeitintervallen (bis zu einigen Minuten) selbsttatig 
gegeben warden; seine Aufstellung, einschliesslich der Ladungs- 
batterie, erfordert einen geschiitzten Raum, etwa ein Zimmer oder 
eine Holzbaracke. Bei eingehender Beratung mit den Mechanikern 
Herren Gunther und Tegetmeyer in Braunschweig stellte es s ch 
heraus, dass ein zweckraassig konstruierter Apparat fiir kontinuier- 
liche photographische Registrierung keine weitergehenden An- 
forderungen in betreff der Aufstellung und Bedienung notig 
machte, wie die BenndorflTsche Einrichtung ; wir entschieden uns 
daher fiir die erstere. wegen der offenbaren Vorteile, die eine kon 
nuierliche Aufzeichnung des Potentialverlaufes bietet. 
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Von der Anwendung eines SpritzkoUektors, der wegen der 
grosseren Schnelligkeit, mit der er die Elektrometernadel auf das 
Potential der Auflosungsstelle des Wasserstrahles bringt, gewisse 
Vortheile gewahrt. haben wir nach Anstellung von Vorversuchen 
abgesehen. Ohne Zweifel iibertriflft ein solcher Kollektor den 
gewohnlichen Waterdropper, wenn es sich um einzelne kurz- 
dauernde Beobachtungen (Augenablesungen) handelt; fiir Auf- 
nahme des taglichen Ganges der atmospharischen Elektricitat oder 
auch nur solcher Curven, die sich iiber Stunden erstrecken, ist er 
nicht praktisch wegen der Schwierigkeit, ihn so lange Zeit hindurch 
in gleichfbrmigem Gange zu erhalten und der Lange der Zeit, die 
bei elwaigem Versagen seine Wiederinstandsetzung beansprucht. 
Wir kehrten daher zu dem Typus des Waterdroppers mit kon- 
stantem Niveau, also auch konstanter Ausflussgeschwindigkeit zu- 
riick. Seine Anwendung erschien um so weniger bedenklich, als 
plotzliche Schwankungen des Potentials, etwa wie beim Auftreten 
von Blitzen, die einen schnelleren Abfluss der im Elektrometer 
aufgespeicherten Elektricitatsmenge erfordem, wahrend der Son- 
nenfinstemis nicht zu erwarten waren. 

Zu den Zerstreuungsbeobachtungen benutzten wir den von uns 
konstmierten leicht transportablen Apparat in zwei Exemplaren. 
Wir verkennen gewiss nicht die Mangel dieser Einrichtung, die 
keine absoluten Bestimmungen der Leitfahigkeit der Luft liefert, 
haben diese vielmehr, soweit sie durch die Anwendung des 
Schutzdaches und die dadurch bedingte Einengung des Zerstreu- 
ungsraumes herbeigefUhrt werden, selbst erkannt und mehrfach 
hervorgehoben. Aber gerade fiir den vorliegenden Zweck, wo es 
sich um Beobachtungen unter unbekannten Verhaltnissen handelte, 
glaubten wir von dem jederzeit gebrauchsfahigen Apparate nicht 
abgehen zu dtirfen, der auch unter ungiinstigen Bedingungen 
Anderungen in der Entladungsgeschwindigkeit eines Leiters durch 
die lonen der Luft sicher erkennen lasst und dabei grobe Irrtiimer, 
wie durch Isolationsfehler oder durch den Einfluss des elektrischen 
Feldes der Atmosphare bei geniigender Sorgfalt ausschliesst. Zu- 
dem sollten diese Beobachtungen durch die Messungen des lonen- 
gehalts der Luft und der lonenbeweglichkeit erganzt werden/ 
Zu diesen letzteren stellte uns auf unsern Wunsch die Firma 

J Wir mochten an dieser Stelle auf die Parallelmessungen am Ebertschen lonen- 
zahler und an unserem Zerstreuungsapparat hinweisen, die Herr George C. Simpson 
in Lappland ausgefiihrt hat, und bei denen, bei gleicher Windgeschwindigkeit, die 
Zerstreuung dem lonengehalte der Luft proportional war. ( Atmospheric Electricity 
in High Latitudes. Phil. Transactions Ser. A. Vol. 205. p. 75, 76.) 
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Giinther & Tegetmeyer einen Ebertschen Aspiratiansapparat mil 
Vorschaltkandensator nach Mache in der neuesten Form mit verti- 
kalem Kondensator und Vorrichtung zum plotzlichen Abstellen 
des Luftstromes leihweise zur Verfiigung; wir zogerten nicht das 
freundliche Anerbieten anzunehmen, durch das die Kosten fiir die 
Apparate wesentlich emiedrigt wurden. 

Nachdem auf Antrag von J. Elster und H. Geitel, Heir Dr. F. 
Harms, Privatdozent der Physik in Wiirzburg, zur Teilnahme an 
den Beobachtungen aufgefordert war und seine Mitwirkung zuge- 
sagt hatte, war es moglich, das Arbeitsprogramm noch etwas zu 
erweitern. Wenn iiberhaupt ein unmittelbarer Einfluss des Sonnen- 
lichts auf die elektrischen Eigenschaften der unteren atmosphari- 
scben Schicbten vorhanden ist, so muss er den bisberigen Erfab- 
rungen nacb den Stahlen kleiner Wellenlangen zugeschrieben 
werden. Wir bielten es desbalb fiir wiinschenswert, deren Intensi- 
tat wahrend des Verlaufes der Finsternis messend zu verfolgen und 
konstruierten zu diesem Zwecke ein Pbotometer, das auf dem 
pbotoelektriscben Verbalten einer diinnen Schicbt blanken Rubi- 
diummetalls in einer Atmosphare verdiinnten Wasserstoflfe beruht 
und gerade fiir die blauen und violetten Strahlen besonders 
empfindlicb ist. Mit Hilfe dieses Instrumentes sollte die Abnabme 
des Sonnenlicbts bis zur Totalitat und die darauf folgende Zunabme 
bis zum Ende der Finsternis moglichst kontinuierlicb bestimmt 
werden. Abgeseben von ihrer Beziehung zu den elektrischen 
Beobachtungen, bot diese Untersuchung ein besonderes Interesse 
gegenuber einer nach friiheren totalen Finsternissen aufgestellten 
Behauptung, dass bei gleicher Phase der sichtbaren Sonnenscheibe 
die Lichtintensitat ncLch der Totalitat grosser sein soil als vorher} 
Wir sind Herm Professor W. Wien in Wiirzburg zu grossem 
Danke verpflichtet fiir die Bereitwilligkeit, mit der er uns ein 
empfindliches Galvanometer nach d* Arsonval fiir diese Messungen 
leihweise iiberliess. 

Da es ohne wesentliche Mehrbelastung des Gepackes moglich 
war, die Zerstreuungsapparate durch Mitnahme einer Hochspan- 
nungstrockensaule auch fiir gelegentliche Bestimmungen des Ge- 
haltes der Atmosphare an radioaktiver Emanation brauchbar zu 
machen, so entschieden wir uns auch hierfiir, um so mehr, als 
solche Beobachtungen nicht nur fiir Mallorca, sondem fiir Inseln 
des Mittelmeeres iiberhaupt noch nicht vorlagen. 

1 Vgl. die von P. Cirera herausgegebene fiir die Beobachter dieser Sonnenfinster- 
nis bestimmte Denkschrift, p. 9. Tortosa 1905. ( Colegio del Jesiis. ) 
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Schliesslich sei noch erwahnt, dass wir auch die Exnerschen 
transportablen Apparate zur Messung des Potentialgefalles der 
atmospharischen Blektricitat mitfiihrten, um fiir den Pall, dass das 
Registrierelektrometer durch einen unglucklichen Zufall unbrauch- 
bar wiirde. wenigstens Augenablesungen vornehmen zu konnen. 

Es wurde verabredet, dass am Tage der Finstemis die Be- 
obachtungen am Zerstreuungsapparat und die Beaufsichtigung des 
Registrierelektrometers von Elster, die Messungen der lonenzahl 
und lonenbeweglichkeit am Ebertschen Apparat von Geitel und 
die photometrischen Bestimmungen von Harms vorgenommen 
werden sollten. Im ubrigen war dafiir gesorgt, dass notigen falls 
jeder Beobachter ohne Zeitverlust liir den anderen eintreten 
konnte. 

3. Reise und Transport der Apparate. 

Nachem Herr Dr. Harms mit den beiden anderen Teilnehmem 
in Frankfurt am Main zusammengetroffen war, nahmen wir den 
Weg iiber Genf, Lyon, Barcelona und trafen am Donnerstag, den 
17. August, morgens in Palma ein. Auf dringenden Rat des Deut- 
schen Konsulats in Palma, mit dem wir friihzeitig in Verbindung 
getreten waren, batten wir unsere samtlichen Apparate, in 3 Kisten 
von 200 Kilo Gesamtgewicht verpackt, als Passagiergut mitge- 
nommen. Allerdings wurde hierdurch ihre Beforderung kost- 
spieliger, als wenn wir sie einige Wochen vor uuserer Abreise als 
Frachtgut nach Palma vorausgesendet batten, doch vermieden wir 
so die grosse Gefahr, dass sie nicht recbtzeitig am Bestimmungs- 
orte eintrafen. Da die spaniscbe Regierung die zollfreie Einfuhr 
aller fiir den Gebraucb wabrend der Finsternis bestimmten Ap- 
parate angeordnet batte, so erwuchsen uns an der spanischen 
Grenze in Portbou keinerlei Scbwierigkeiten mit den Zollbehorden, 
ausserdem waren die letzteren durcb das Deutscbe Generalkonsulat 
in Barcelona von unserer Ankunft verstandigt. Fiir alle Falle 
ftihrten wir ein specielles Schreiben des spanischen Gesandten in 
Berlin mit uns, durcb das wir samtlichen Behorden des Landes 
empfohlen wurden. Wir verdanken diese Vergiinstigung dem 
Entgegenkommen des Herzoglichen Braunschweigischen Stoats- 
ministeriums, das den beziiglichen Antrag bei der spanischen Ge- 
sandtschaft gestellt batte. 

Zu tmserer grossen Befriedigung zeigte sich beim Auspacken 
der Kisten in Palma, dass, bis auf die Beschadigung eines Reserve- 
cylinders fiir die Lampe der photographischen Dunkelkammer, alle 
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Apparate die Gefahren der Reise, dank der guten Verpackung, 
gliicklich iiberstanden batten. 

4. BEOBACHTUNGSSTATION UND AUFSTELLUNG DER ApPARATE. 

Herr C, Sch^ader, Verwalter des Deutschen Konsulats in Pal ma, 
hatte die grosse Freundlichkeit gehabt, schon vor unserer Ankunft 
bei befreundeten Grundbesitzem in verschiedenen Gegenden der 
Insel Mallorca anzufragen, ob sie geneigt waren, unsere Beobach- 
tungsstation auf ihrem Besitztum aufzunehmen und zugleich selbst 
uns seine eigene in Palma gelegene Wohnung zur VerfUgung 
gestellt. Von den gastfreundlichen Anerbieten, die seine Anfragen 
zur Folge batten, konnten fur uns diejenigen nicht in Frage kom- 
men, die uns genotigt batten, unseren Aufenthalt in grosser Ent- 
fernung von Palma oder im Gebirge zu nehmen. Im ersteren 
Falle batten wir leicht in Verlegenheit geraten konnen bei der 
Beschaffung von Material und Hilfskraften fiir die Einrichtung 
der Beobachtungsraume ; im zweiten lag die Gefahr vor, dass bei 
der Hohe des Gebirgskammes, der bis 1450 m aufsteigt, unsere 
Arbeiten durch Wolkenbildung gestort wurden. Emstlicb zogen 
wir nur die Einladung des Herrn Benito Pomar in Establiments 
(7 Kilometer von Palma) in Erwagung, auf dessen Wobnbaus uns 
ein flacbes Dacb mit weiter Rundsicht in staub- und raucbfreier 
Umgebung iiberlassen werden sollte. Grosse Schwierigkeiten batte 
uns allerdings bier die Aufstellung des Registrierelektrometers 
bereitet, und dieser Umstand bestimmte uns, das freundliche Aner- 
bieten trotz der giinstigen Lage des Platzes abzulebnen. Diese 
Entscheidung ist fiir den Ausgang unseres Unternebmens von 
grosser Bedeutung gewesen, denn in Establiments bat es zur Zeit 
der Fin stern is geregnet. 

Dagegen gewann die Uberzeugung bei uns Oberhand, dass es am 
zweckmassigsten war, die Einladung des Herrn Schrader selbst anzu- 
nehmen. Seine Wohnung liegt an der Stadtmauer nahe am Strande 
frei nach Siiden 30 m iiber der See. Ein breiter Altan mit drei 
dahinterliegenden, 1-2 fenstrigen Zimmern springt gegen die Bai 
von Palma vor, tief darunter liegt ein Garten, durch eine Mauer 
von der Fahrstrasse getrennt, die am Strande entlang fiihrt. 
Der Altan gewahrt einen uneingeschrankten Uberblick iiber die 
See und ist der Sonne von 9-10 Uhr friih bis gegen Untergang 
ausgesetzt. Regelmassig gegen 10 Uhr tritt in der warmen Jahres- 
zeit an sonnigen Tagen die Seebrise ein, die reine Luft mit sich 
bringt und bis zum Abend anhalt. Nach Nord-Osten liegt hinter 
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dem Hause in der Entfernung von einigen Hundert Metern und 
durch die hohe alte Stadtmauer von Palma fast verdeckt eine 
Farberei. Der Schornstein dieser Fabrik ist am Tage gewohnlich 
in Tatigkeit, doch wird der Ranch, wenn die Seebrise weht, land- 
einwarts getrieben, sodass Storungen des Potentialverlaufes von 
daher nicht zu befiirchten waren. Es ist bezeichnend fur die 
grosse Liebenswiirdigkeit, mit der die Bewohner Palmas bemiiht 
waren, den fremden Meteorologen and Astronomen gefallig zu 
sein, dass der Besitzer der Fabrik am Tage der Finstemis den 
Schornstein ausser Betrieb setzte, um auf keinen Fall unsere 
Beobachtungen zu storen. 

Nachdem wir uns durch einen Versuch mittels des Exnerschen 
Apparates iiberzeugt batten, dass das Potential der atmospharischen 
Elektricitat oberhalb der Ballustrade des Altans hoch genug war, 
um an dem selbstregistrierenden Elektrometer — bei richtig ge- 
wahlter Empfindlichkeit — einen angemessenen Ausschlag zu geben, 
entschlossen wir uns in anbetracht der grossen Vorziige, die dieser 
Beobachtungsplatz gewahrte und die im folgenden noch deutlicher 
hervortreten werden, die Einladung des Herrn Schrader anzu- 
nehmen und unser zeitweiliges Laboratorium in dessen Haus, die 
sogenannte Casa Formiguera, zu verlegen. 




Die Anordnung der Apparate dorlselbst ist in dem in Figur 1 
gegebenen Situationsplan zu ersehen. A B C D ist der etwa 30 m 
iiber dem Strande gelegene Altan. Vor dem Fenster a im Zimmer 
I standen auf einem Tische der Ebertsche lonenzahler Jid und der 
Zerstreuungsapparat Zs, zwischen beiden befand sich, um eine 
gegenseitige elektrische Beeinflussung auszuschliessen, das geerdete 
Metalldrahtnetz N. Ein vor dem Fenster ausgespanntes Sonnen- 
segel gewahrte Beobachtern und Apparaten Schatten. Vor dem 
Fenster d (Zimmer II) war auf einem Tischchen das Photometer 
montiert, das zugehorige Galvanometer stand im Zimmer II. 
Auf der den Altan umschliessenden Ballustrade war bei T der 
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Tropfkollektor angebracbt, von dem durch II bindurch ein wobl- 
isolierter Draht zu dem im fensterlosen Zimmer III befindlicben 
Registrierelektrometer E fiibrte. Erforderlicbcn Falls konnte 
dieser letztere Raum vollstandig verdunkelt werden. 

In dem etwa 15 m tiefer gelegenen Vorgarten befand sicb eine 
Cisterne. Zur Herstellung einer zuverlassigen Erdleitung versenk- 
ten wir darin eine Metallplatte, und fiihrten von dieser Leitungs- 
drabte in die Beobacbtungsraume. Einige Scbwierigkeiten ver- 
ursacbte die Aufstellung des Augustschen Psycbrometers. Die 
sonnige Lage unseres Laboratoriums gestattete nicbt, das Instru- 
ment an ein un ! demselben Orte im Laufe eines Tages zu belassen. 
Docb sorgten wir stets fiir einen schattigen und luftigen Standort, 
ohne allerdings dadurcb vollen Scbutz gegen die Strahlung der 
Umgebung zu erreicben. Immerbin diirften die Ablesungen ein 
ungefabres Bild von den Temperatur- und Feucbtigkeitsverbalt- 
nissen der Beobachtungstage geben. 

Die Versucbe iiber den Gehalt der Luft an radioaktiver Emana- 
tion wurden in dem mit dem Altan in gleicber Hobe gelegenen 
scbmalen Gartenstreifen D F G H ausgefiibrt. 

Der Aufbau der Apparate war am 21. August abends beendigt, 
der 22. wurde dazu verwendet zu priifen, ob sie ordnungsmassig 
funktionierten, und am 23. begannen wir die regelmassigen Beob- 
acbtungen. Sie wurden in der Zeit von 8^ a bis 7** p bis zum 30**** 
durcbgefiihrt, wenn nicht gerade ungiinstiges Wetter, wie am 25^^" 
sie zwecklos macbte. 

5. Wetterverhaltnisse in Palma vom 23.-30. August. 

Leider war das Wetter in der der Finsternis voraufgebenden 
Wocbe nicbt so giinstig, wie wir auf Grund der uns zuganglichen 
Angaben iiber das Klinia der Balearen annehmen mussten. In der 
untenstebenden Tabelle I nind die Vermerke iiber die Wetterlage 
iibersicbtlicb zusammengestellt. 
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Tabelle I. 
(Jbersicht der Witterung in Palma vom 2^, bis jo, August ipo^. 



Dfttum. 


Temp. 


Dampfd. 


Rel. 
Peucht. 


3. VIII. 



30.2 


mm. 
18.0 


57* 



Temp. 
Max. 



24. VIIL 29.5 2 I.I 69% 



34.0 



30.0 



Bemerkungen tiber Bewolkung und 
Wind. 

Bis loa Landwind; daun Seebrise; 
gej^en Abend gewittrige Cumuli ; 
spater Wetterleuchten. 5p Wol- 
kenbank im W ; bis loa Stoning 
durcb Raucb nicht ausgeschlos- 
sen, uicbt normaler Tag. 

10)^ a Cirrostratus ; von ip ab leb- 
bafte Brise ; 3p etwas Cumuli im 
Westen, normaler Tag, 

25. VI II. 28.7 21.4 74% 31,0 Morgans ganz triibc ; mitta^s gc- 

ringe Aufklarung; nachmittags 
ganz bewolkt Nicht gemessen, 
anormaler Tag. 

Den ganzen Tag iiber fa>i wolken- 
los. Seebrise normal ti lag. 

Mittags einzelne Cumuli, sonst 
wolkenlos. Seebrise, normaler 
Tag. 

Bis 5p wolkenlos, dann Cirri. See- 
brise, normaler Tag. 

8a stiirmischer Sudwind bei hei- 
terem Himmel ; der Wind lasst 
gegen Mittaf etwas nacb. Nach- 
mittags viel Cirri. Storungen 
moreens durch Staub nicht aus- 
geschlossen, nicht normaler Tag. 

4a Regenguss, von 8a— loa zuneh- 
mende Bewolkung, io>^a ein- 
zelne Tropfen. iia beginnende 
Aufheiterung ; von iij^a bis i 
Uhr 26p die Sonne im wesent- 
lichen wolkenfrei; dann wieder 
zunehmende Bewolkung; 4 Uhr 
voriibergehend Sonne, gegen 
Abend heiter, anormaler Tag. 

Von 7a — loa stromender Reeen. 
Den ganzen Tag bewolkt. Ntcht 
gemessen, anormaler Tag. 



26. 


VIII. 


29.1 


15.0 


509^ 


27. 


VIII. 


28.5 


16.7 


599^ 


28. 


VIII. 


26.5 


16.2 


64% 


29- 


VIII. 


28.9 


14-5 


509^0 



3a VIII. 28.4 178 62% 



30.9 



30.2 



29.2 



30.0 



32.0 



31. VIII. 



Danach sind als in elektrischer Beziebung storungsfrei nur zu 
bezeichnen der 24.. 25., 27. und 28. Am 29., dem Tage vor der 
Finstemis, iiberzog sich der Himmel gegen Mittag bei stiirmischem 
Siidwind mit einer Cirrusdecke, bei allmahlich abflauender Luft- 
bewegung nahm die Bewolkung im Laufe des Tages stark zu, 
2 
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gegen Abend hingen schwere Cumuli an den Bergen der InseL 
Auch der 30., der Tag der Finsternis, kann nicht als storungsfrei 
gelten. Friih morgens 4 Uhr ging ein heftiger Regenguss nieder, 
dem spater etwas Aufhellung folgte; gegen 9 Uhr nahm die 
Bewolkung wieder zu, man konnte iiber der See wiederholt Regen- 
boen beobachten, um 10 Uhr 20 fielen an unserem Beobachtungs- 
orte einzelne Tropfen. Um iia heiterte sich der Himmel in der 
Nahe der Sonne auf, von 11 Uhr 30 bis i Minute nach der Totalitat 
war die Sonne im wesentlichen wolkenfrei, dann folgte wieder 
zunehmende Bewolkung; nach 4 Uhr schien voriibergehend die 
Sonne, gegen Abend war der Himmel halb bedeckt. Am Tage 
nach der Finsternis regnete es von 7a — loa, und blieb bis gegen 
Abend bewolkt. Unsere urspriingliche Absicht, auch diesen Tag 
noch zu Messungen zu verwerten, wurde somit vereitelt. 

TEIL I. LUFTELEKTRISCHE BEOBACHTUNGEN. 

I. Die BEOBACHTUNGEN DES POTENTIALGEFALLES. 

a. Apparaie und Methode, 

Um das Quadrantelektronieter zur Messung von Potentialdiffe- 
renzen im Interval! von o bis 250 Volt, wie es bei der Bestimmung 
des atmospharischen Potentialgefalles erforderlich ist, geeignet zu 
machen, benutzten wir folgende Art der Schaltung, durch die wir 
zugleich die Mitfiihrung einer vielzelligen Batterie zum Aufladen 
der Elektrometernadel entbehrlich machten. Wir schlossen den 
Elektrometerfliigel an den Korper, dessen Potential zu messen war^ 
also an den KoUektor, an, wahrend wir die Quadranten mit den 
Polen eines Trockenelementes oder einer in der Mitte geerdeten 
Batterie von 2, 4, 6, 8, 10 oder 12 solchen Elementen verbauden. 
Mit Vermehrung der Elementenzahl wachst die Empfindlichkeit 
stetig an. Wahrend bei Anwendung nur emer Zelle der bequeme 
Messbereich im Intervalle von 100 — 250 Volt liegt, war die Empfind- 
lichkeit bei 1 2 Elementen gross genug. Potentiale von o bis 50 Volt 
mit hinlanglicher Genauigkeit festzulegen. 

Eine kleine Trockenbatterie von 12 Elementen erwies sich al.^^o- 
als ausreichend, alle gewiinschten Grade der Empfindlichkeit her- 
zustellen. Nachdem eine Reihe von Vorversuchen die Brauchbar- 
keit dieser Methode erwiesen hatte, schritten die Herren Giinther 
und Tegetmeyer zum Bau des Registrierelektrometers. Die koin- 
pendiose Form und die dadurch bedingte leiclite Handhabung d^r 
ganzen Vorrichtung ist das Verdienst der genannten Firma. 
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Figur 2fl stellt das Registrierelektrometer im Grundriss dar. 
Ein rechteckiger, durch Klappturen (in der Figur punktiert ge- 
zeichnet ) lichtdicht verschliessbarer Kasten M N O P von 54 cm 
Lange, 44 cm Breite und 46 cm Hohe, ist durch zwei Scheide- 
wande R R^ und x y \n drei Abteilungen I, II und III geteilt. 




Figur 2a 

Die Figuren 2d, c, d zeigen die Seitenansichlen dieser Abteilungen. 
In der ersten von diesen ( I ) befindet sich das Quadrantelektro- 
meter Q und die die Quadranten aufladende Batterie B, in der 
zweiten ( II ) die mit photographischem Papier umkleidete Walze 
W und das diese innerhalb 12 Stunden einmal um ihre Axe 
drehende Uhrwerk, dessen Federkasten F in der Figur gezeichnet 
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ist. Ein feiner horizontaler Schlitz in der Metallplatte ss, reduziert 
das von der Linse L entworfene Bild des durch die Lampe IC 
erleuchteten vertikalen Spaltes o auf einen Punkt. Die Abteilung 
III enthalt den Schliissel C und die Arretierung A des Uhrwerkes ; 
der um i8o Grad drehbare Hebel H erlaubt die Umlaufszeit 
der Walze W von 12 Stundeu auf 2 zu reduzieren. Mittels der 
Hilfsbatterie B^ konnen die kleinen Gliiblampcben g und g^ ent- 
ziindet werden, wodurch auf den Randern des pbotographiscben 
Papieres symmetrisch zur Mittellinie gelegene scbwarze Piinktcben 
als Marken entstehen. 

Das in Ebonit gearbeitete Schaltbrett 5 in III gestattet mittels 
zweier einfacber Handgriffe durcb Anscbaltung einer passend 
gewahlten Auzahl von Elementen die Empfindlicbkeit zu regu- 
lieren. 

Der obere Boden des Raumes I tragt ein. geeicbtes Exnersches 
Elektroskop El mit Spiegelskala Bernsteinisolation und Natrium- 
trocknung, dessen Blattchentrager dauernd mit dem Elektrometer- 
fliigel in leitender Verbindung steht. Ein Blick auf dies Elektro- 
skop geniigt daher, um zu sehen, ob das Potential der Nadel 
innerhalb des durcb die getroffene Schaltung bediugten Empfind- 
licbkeitsbereiches liegt. Ferner vermag man mittels dieses Kon- 
troUinstrumentes jeder Zeit die Ablenkung der Elektrometernadel 
in Volt festzulegen, indem man in dem Momente, in welchem man 
die Divergenz der Aluminiumblattcben abliest, den Stromkreis der 
Batterie B^ in III scbliesst und die Zeit notiert. Die Verbindungs- 
linie der bierdurcb auf dem Photogramme erzeugten Marken 
scbneidet die Kurve in dem durch die Ablesuug ausgewerteten 
Punkte. Die Ubr U auf dem oberen Boden der Abteilung II 
lauft syncbron mit der Walze W und dient zur Ablesung der 
Zeit. Der Stift Ey an den die Erdleitung angeschlossen war, stebt 
mit alien Teilen des Apparates, die zu erden sind, in leitender 
Verbindung. Auch wahrend der Apparat im Betriebe ist, lasst 
sicli kontrollieren, ob die Rubelage der Nadel eine Anderung 
erfahren bat. Man leitet zu diesem Zwecke die Elektrometernadel 
fiir kurze Zeit zur Erde ab, und sieht durcb ein oberbalb ss^ ange- 
bracbtes vertikales Metallrobr, dessen Axe zur Richtungdes Sclilitzes 
senkrecbt steht, nach unten. Bei ricbtiger Nullstellung der Nadel 
muss das belle Spaltbild in dem Gesichtsfelde erscheinen, wahrend 
gleichzeitig dife Libelle D einspielt. Ist dieses nicht der Fall, so kann 
die Elektrometernadel durch Drehung des Torsionskopfes in die 
richtige Lage gebracht werden. Es erleichterte die Verwendung des 
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Instrumentes sehr, dass wir es in einem fensterlosen Zimmer unter- 
bringen konnten. Nach Schliessung der durch einen Vorhang 
lichtdicht geniachten Tiir des Zinimers war es so moglich, zu jeder 
beliebigen Zeit die Walze W niit neuem photograph ischen Papier 
zu beschicken, und das dem Apparat entuomraene zu entwickeln. 

Den Anschluss der Elektronieternadel an den Tropfkollektor 
verniittelt ein den oberen Boden von Abteilung I durchsetzender 
Metallstift. Die Bernsteinisolation dieser Zufiihrung ist von einem 
Metallrohre umhiillt, dessen Innenraum durch Natrium trocken 
gehalten wird. Der Tropfkollektor selbst bestand aus zwei 
ineinander passenden Cylindern aus Zinkblech. ( Vergl. Figur 3.) 
Die Hohe des ausseren betrug 50 cm, sein Durchmesser 20. 
Der innere Cylinder von gleicher Hohe, aber von nur 16 cm 
Durchmesser war oben und unten durch 
Verschraubungen 5 und S, verschliess- 
bar. Der Handgriff B und die Sperr- 
haken H und //, machten es moglich, 
ihn nach seiner Fiillung mit Wasser und 
nach OfFnung des unteren Verschlusses 
in etvva halber Hohe des ausseren einzu- 
hangen. Lag nun die untere Offnung 
im Niv eau M N des Wassers im ausseren 
Cylinder, so blieb in bekannter Weise 
das Niveau so lange konstant, als der 
innere Cylinder noch Wasser enthielt. 
Der der abschraubbaren Spitze A ent- 
stroniende Wasserstrahl stand also unter 
stets gUichbleibendem hydrostatischen 
Drucke. Der Durchmesser der Ausfluss- 
offnuiii^ war so bemessen, dass der Kol- 
lektor etwa 8 Stunden lang einer Nach. 
fiillung nicht bedurfte. 

Die Isolation dieser Tropfvorrichtung 
bewirkte ein Schemel J, dessen aus 
Ebonit gefertigte Fiisse (iu der Figur 
schraffiert gezeichnet) nach einem von Gockel^ angegebenen Prin- 
cipe vor.dem Einflusse feuchter Luft geschiitzt waren. 

b. Ergcbnissc der Beobachiungeyi des Poientialgefdllcs. 
Die wichtigsten mit dem Registrierelektrometer gewonnenen 
Kurven sind in Figur 4 reproduziert. Die Abscissen umfassen die 

I A. Gockel, Physikilische Zeitschrift VI, p. 32S, 1905. 




Figur 3 
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Zeiten von 8>^a bis 7p; die Ordinaten stellen die jeweilige Poten- 
tialdiflTerenz der Auflosungsstelle des Kollektorstrahles gegeii den 
Erdboden dar. Da die Terrainverhaltnisse eine zuverlassige 



22|VIU. ] 



^^sJ^r^K^ 



^-wvAa^ ,,/v^/^rvA/^-v^c 



^^f^lm^^^ ^: 





100, 
-60 



FiGUR 4 



Reduktion auf absolutes Maass nur schwierig gestatteten, ausser- 
dem das Interesse an absoluter Bestimmung des Potentialgefalles 
in diesem Falle nur gering war, so haben wir keinen Versuch dazu 
gemacbt. Die Eichung in willkiirlichem Maasse ist am reclueu 
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Rande jedes Photogrammes angegeben. Die geringe Veranderlich- 
keit in der Ruhelage der Elektrometemadel haben wir dadurch 
unschadlich gemacht, dass wir von Zeit zu Zeit ihr Potential durch 
Ableitung des Kollektors auf Null brachten. Ein solcher Eingriff 
in den Gang der Registrierung wurde auf den Originalen durch 
Randmarken sichtbar gemacht. In den Reproduktionen kenn- 
zeichnen sich derartige Stellen durch senkrechte Kurvenziige mit 
zwischenliegenden kurzen Stiickchen der NuUlinie. Wahrend der 
Apparat arbeitete, wurde nicht versaumt taglich eine geniigende 
Anzahl von Stundenmarken unter gleichzeitiger Festlegung von 
Eichpunkten am KontroUelektroskop zu geben, sowie samtliche 
in Frage kommenden Isolationen einer genauen Priifung zu unter- 
ziehen. 

Wir wenden uns nun zu einer kurzen Besprechung der Kurven 
im Einzelnen. 

Die erste ist eine Probeaufnahme vom 22. VIII; das Uhrwerk 
war auf schhellen Gang, ** Zweistundenschaltung " gestellt. Dieser 
orientierende Versuch sollte Anhaltspunkte dariiber geben, welche 
Werte des Potentialgefalles an einem von Storungen freien Tage 
wahrend der fiir den 30. August kritischen Zeit von 12 Uhr mit- 
tags bis zwei Uhr nachmittags etwa zu erwarten waren. Man 
erkeiint, dass sie am 22. um rund 65 Volt oscillieren. Dabei finden 
sich Maxima von circa 90 Volt um 12** 18", i2*» 50" und i*» 25", 
ein Minimum von etwa 30 Volt tritt auf zur Zeit 1^ 09". 

Fiir die Zukunft erschien uns in Riicksicht auf das Ziel, einen 
Einfluss der Verfinsterung auf die Tageskurve des Potentialgefalles 
zu finden, eine Darstellung auf kiirzerer Zeitaxe zweckentsprech- 
ender. Deshalb wahlten wir fiir alle ferneren Registrierungen die 
'* Zwolfstundenschaltung " des Uhrwerkes, bei der dem Zeitraum 
von 2 Stunden auf den Originalen immer noch ein Abschnitt der 
Abscissenachse von etwa 62 mm entspricht. 

Das zweite bis fiinfte Photogramm zeigen den Potential verlauf 
an jenen vier von groberen Storungen freien Tage, namlich den 
24., 26., 27. und 28., die dem Tage der Finsternis vordufgingen. 
Wertet man diese Kurven in stiindlichen Intervallen von 9a bis 7p 
aus, so erhalt man folgende Stundenmittel : 

Tabelle II. 

Zeit: 9a 10 II 12m ip 2 3 4 5 6 7 
Volt: 58 48 47 41 52 53 J 2 6 1 66 62 56. 
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Die Potentialwerte sind durchschnittlich morgens niedriger als 
nachmittags, erreichen ihren kleinsten Wert gegen Mittag und ihre 
grossten um 3p oder gegen Abend. 

In dem Photogramme vom Vortage der Finstemis, dem 29. VIII., 
kommt die oben geschilderte ungiinstige, stiirmiscbe Wittemngs- 
lage deutlich zum Ausdruck. 

Das letzte Photogramm stellt den Verlauf des Potentialgefalles 
am Tage der Finstemis, dem 30. August, dar. 

Bei dieser Registrierung wurde jede voile Stunde eine Marke 
gegeben und zugleich das KontroUelektroskop auf dem Registrier- 
apparate abgelesen. In der Zeit von i^ o bis i^ 25 geschah dies 
alle 5 Minuten. Da die Potentialwerte in der Zeit von 8a bis loj^a 
nur in der Nabe von 20 — 30 Volt, also aussergewohnlich tief lagen, 
so erhohten wir um na die Empfindlichkeit des Instrumentes 
durcb Anscbaltung einer grosseren Zahl von Elementen auf etwa 
das doppelte. Nur die von ii** ab giiltige Eicbung ist in das 
Photogramm eingezeichnet. Die Kurve zeigt mit beginnender 
Aufheiterung von na an einen scharfen Anstieg, der in etwa 70 
Volt um i2^p seinen Gipfelpunkt erreicht ; dann sinkt sie herab 
und durchlauft i^ 25, also unmittelbar nach der Totalitat^ ein 
Minimum von 30 Volt. Diesem folgt um 2^ 20 ein zweites etwas 
tieferes, das mit der Zunabme der Bewolkung zusammen fallt. 
Nach dem Ende der Finstemis 2^ 40 steigt sie allmahlicb an und 
erreicht ein zweites Maximum zwischen 3 und 4p. Die dann 
folgenden abendlichen Werte liegen durchschnittlich ein wenig 
hoher als die zur Zeit der Finstemis. 

Als Ergebnis dieser Registrierung glauben wir hinstellen zu 
diirfen, dass den friiheren Erfahrungen, wonach kurz nach der 
Totalitat zunachst ein Absinken und dann ein Ansteigen des Po- 
tentialgefalles eintritt, nicht widerspricht. Bei der ungiinstigen 
Witterungslage am Tage der Finstemis mochten indess eine Fas- 
sung des Resultates in positiver Form vermeiden. 

2. BEOBACHTUNGEN DER ElEKTRIZITATSZERSTREUUNG. 

Die Ermittlung der Zerstreuungskoefficienten a+ und a-, ge- 
schah in bekannter Weise. Ihre Berechnung erfolgte unter der 
Voraussetzung der Giiltigkeit des Coulombschen Gesetzes. Da 
diese Voraussetzung indess, wie bekannt, fiir den Apparat mit 
Schutzdach nicht genau erf iillt ist, so trugen wir dafiir Sorge, dass 

1 Die Zeit der Totalitat ist in dem Photogramm vom 30. durch eine ptinktierte 
Senkrechte bezeichnet, sie wahrte von \h 21m 51s bis ih 24m 51J. 

3 
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die Anfangsladung immer sehr nahe die gleiche, etwa 190 Volt, 
war. Die Wahl des Aufstellungsortes ( am Fenster unter grossem 
Sonnensegel) schloss Storungen durch das elektrische Feld der 

Erde aus. In folge hiervon lag der Quotient — =-= q nahe bei i ; 

sein Mittelwert ist i.ii. Die mittiere Zerstreuung war in Palma 
von etwa der gleichen Grosse wie in Wolfenbiittel, wir fanden im 
Mittel aus 66 Einzelmessungen : 

«+=i.33 a- =1.48, 
also a4--f-«— ^^^ 1.41 

2 
gegen 1.33 bei uns. 

In der folgenden Tabelle sind die Beobachtungen zusammen- 
gestellt. 

Tabelle III. a. Werte von a+ . 



Datum. 








— 


— 










— — 




1905 


8H 


9H 


loH 


iiJ4 


12H 


iJ4 


2J4 


VA 


4« 


5^ 


6H 


23. vin. 


0.7 


0-7 


1.2 


1.3 


1.5 


1.5 


i.4» 


1:1 


0.9 


0.8 


0.8 


24. VIII. 


1.4 


1.8 


1.5 


1.4 


1.4 


1.6 


i.7» 


1-7 


1.3 


1.5 


26. VIII. 


0.7 


1.0 


1.0 


I.I 


0.7 


I.I 


1.6 


1-9 


1.6 


2.0 


1.0 


27. VIII. 


I.I 


1.0 


0.8 


0.8 


0.7 


1-5 


0.8 


0.8 


1.5 


I.I 


1-5 


28. VIII. 


0.6 


1.7 


1-7 


1.8 


1.6 


1.7 


1-7 


2.0 


14 


1.6 


1.6 


29. VIII. 


1.5 


1.4 


1.8 


1.6 


2.1 


1.8 


1.7* 


1.6* 


1.5 


1.0 


1.0 


Miltel : 


I.O 


1.2 


1.3 


1.3 


1.3 


1.5 


1.5 


1.6 


1.4 


1.3 


1.2 



( * Die gesternten Werte sind interpoliert.) 

Tabelle III. b. Werie von a_ . 



Datura. 
1905- 


8J4 


954 


10^ 


11^ 


I2« 


1^ 


2J4 


ZVi 


4^ 


5« 


6^ 


23. VIII. 

24. VIII. 
26. VIII. 


0.9 

1-7 
I.I 


0.6 

1-7 
I.I 


1.4 

1.7 
1.0 


1.5 
1.6 
1.0 


1-9 
1.7 
0.7 


1.7 
1.8 
1.4 


1.7* 

2.2* 

2.3 


1.7 
2.5 
2.1 


1.7 
1.9 
2.1 


1-3 
1.3 
1.5 


1.0 

1.6 
1.0 


27. VIII. 

28. VIII. 

29. VIII. 


1.0 
I.I 
1.6 


1.0 
18 
1.6 


0.8 

1-7 
1.8 


0.9 

1.7 
2.1 


0.9 
1.6 
1.8 


0.9 

1.5 
1.8* 


I.I 
1.5 

1.8* 


0.9 
1.8 
1.8 


1-3 

1.7 
1.5 


1.4 

1-7 
I.I 


1.6 

1.7 
i.i 


Mittel : 


1.2 


1.3 


1.4 


1-5 


1.4 


1-5 


1.8 


1.8 


1.7 


1.4 


1.3 



( *Die gesternten Werte sind interpoliert. ) 

Man erkennt, dass (wie im mittleren Deutschland ) die Morgen- 
werte beider Koefficienten durchschnittlich etwas niedriger liegen 
als die Mittagswerte; gegen Abend findet dann wieder ein Absinken 
der Elektricitatszerstreuung statt. 

Die Witterungslage am 30. August mit ihrer wechselnden Ee- 
wolkung hat ohne Frage auch diese Messungen ungiinstig beein- 
flusst. 
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Tabelle IV. 


Ele 


ife/r/Vj 


/a/^^r^ 


r^/r^ 


M»»^ 


Zelt: %V, 9« 


loji 


ii« 


125< 


1 


iK 


a^- 0.7 0.8 


I.O 


0.8 


0.9 


0,6 


1.0 


Zeit : 8H 9M 


loH 


11% 


IIK 


i5< 


154 


a— 0.8 0.9 


0.8 


0.9 


1.0 


1.2 


0.9 



2}4 354 4J4 554 

0.9 0.7 0.7 0.8 

a 2H 354 454 554 

0.9 0.7 0.8 0.9 0.7 



Aus der Zusammenstellung ersieht man, dass am 30. die Werte 
fiir a + und a «. so kleia sind, wie an keinem Tage vor der Finster- 
nis. Kurz vor der Totalitat um ip sinkt der Wert von a -f. zu einem 
Minimum von 0.6%, dem kleinsten von uns in Palma iiberhaupt 
beobachteten Werte, herab. Bei a_ zeigt sich keine so starke 
Anderung, doch liegen samtliche Zahlen von i^ bis 5>4p etwas 
tiefer, als man nach dem Gange dieser Grosse an normalen Tagen 
erwarten sollte. 

Der mittlere tagliche Gang der Zerstreuungs-Koefficienten an 
den der Finsternis vorangegangenen Tagen, sowie die Schwankung 
dieser Grossen am Tage der Finsternis, ist in Figur 5 graphisch 
dargestellt. 



70^ 




son 
02 

Of 



Q2 




Relative 7ti«<Ktty 

Hcit. 



(X^ Tnatei. 

CX4. am. iaVlll. 



a. Triiiut. 



It i(H m 2t ^k 

FlOUR 5 

Da mit der Zunahme der relativen Feuchtigkeit an sich schon 
eine Verringerung der Zerstreuungskoefficienten verkniipft zu sein 
pflegt, so schien es uns wiinschenswert, wenigstens den ungefahren 
Verlauf auch jener Grosse wahrend der Dauer der Verfinsterung 
festzulegen. Zu diesem Zwecke stellten wir das Augustsche Psy- 
chrometer in der Mitte eines benachbarten geraumigen Altanes 
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unter einem schattengebenden Scbirme frei auf, doch war es uns 
dabei nicbt moglich, die Einwirkung starker seitlicber Reflexe 
von der etwa 3 Meter entfemten Hauswand zu vermeiden. 
Frau Konsul Schroder, mit der Ausfiihrung derartiger Messungen 
vertraut, batte die Freundlichkeit, das in fiinftel Grade geteilte 
Instrument von 12 Uhr ab alle 5 Minuten, wabrend der kritischen 
Zeit von i** 16 bis i^ 26 alle zwei Minuten abzulesen. Danacb sank 
von I a'* 6 die Temperatur kontinuierlicb und zwar von 32.0° C bis 
24.6 zur Zeit der Totalitat (absolutes' Minimum), wabrend die 
relative Feucbtigkeit von 50% auf 63% stieg. Ibr Maximum von 
67% erreicbte sie 10 Minuten nacb der Totalitat. In Figur 4 ist 
diese Scbwankung der relativen Feucbtigkeit nacb unseren Termin- 
beobacbtungen und denen der Frau Scbrader eingezeicbnet: die 
oberste Kurve. 

Es scbeint uns inimerbin bemerkenswert, dass dem jaben An- 
stiege der relativen Feucbtigkeit kurz vor der Totalitat ein so plotz- 
licber Abfall des KoeflScienten a^. entspricbt ; durcb die im folgenden 
Abscbnitte zu besprecbende Messung der lonenbeweglicbkeit wird 
der ursacblicbe Zusammenbang der beiden Erscbeinungen, der auf 
eine Belastung der lonen durcb Wasserdampf zu beruben scbeint. 
nocb deutlicber bervortreten. 

3. BESTIMMUNG der IoNENZAHL in der VOtUMEINHEIT 

DER LUFT UND DER WANDERUNGSGESCHWINDIG- 

KEIT DER lONEN. 

a. Apparate und Methode, 

Die Neukonstruktion des Ebert-Macbescben Apparates zur 
Bestimmung der Zabl und der Wanderungsgescbwindigkeit der 
lonen weicbt von der urspriinglicben Form in zwei wesentlicben 
Beziebungen ab. Zunacbst ist der Kondensator nicbt borizontal, 
sondern vertikal gestellt ; nacb Angabe des Herm Ebert bezweckt 
diese Abanderung, die Messungen von der Windgescbwindigkeit 
unabbangiger zu macben, zugleicb ist das Instrument dadurcb 
kleiner geworden und bequemer zu bandbaben. Femer ist eine 
Vorricbtung angebracbt, durcb die der Luftstrom im Kondensator 
momentan aufgeboben und wieder frei gegeben werden kann, obne 
dass die Turbine des Aspirators ausser Tatigkeit kommt. Man 
erreicbt durcb das Abstellen des Luftstromes wabrend der Able- 
sung ein rubiges Einsteben der Blattchen des Elektroskopes. 
Bei der friiberen Konstruktion war es nicbt zu vermeiden, dass 
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Luftwirbel in das Elektroskopgehause eindrangen und die Blatt- 
chen in flatternde Bewegung brachten, so dass eine auf zehntel 
Skalenteile genaue Ablesung der Divergenz nicht moglich war. 

Von geringerer Bedeutung, aber doch zu erwahnen, ist eine 
Schutzmassregel gegen das Eindringen von lusekten in das Kon- 
densatorrohr ; bierzu diente ein conisches Dach, das auf das Robr 
aufgesetzt wurde. Ein gewisser Verlust von lonen durcb Adsorp- 
tion ist dabei wohl unvermeidlich, wabrscheinlicb auch wird das 
Schutzdach die bei Gegenwart eines starken elektrischen Feldes 
an sicb schon anormale lonenverteilung in der Nahe der Kon- 
densatoroffnung noch ungiinstiger beeinflussen. Da letzteres Be- 
denken aber bei der von uns gewahlten Aufstellung offenbar nicht 
zutraf, da es ferner uns wesentlich darauf ankam, relative Unter- 
schiede der lonenzahl und lonenbeweglichkeit festzustellen, so 
haben wir das Schutzdach stets angewandt. Wir vermieden so die 
Gefahr, dass etwa gerade in dem entscheidenden Momente der 
Apparat durch eine in das Elektroskopgehause hineingerissene 
Fliege unbrauchbar gemacht wurde. 

Bekanntlich wird die Bestimmung der lonenzahl im ccm Luft 
in der Webe ausgefuhrt, dass man mittels der Turbine des Aspira- 
tors ein bekanntes Luftvolum durch den Kondensator hindurch- 
saugt, wahrend dessen innere Belegung mit dem Elektroskop 
verbunden und auf so hohes Potential geladen ist, dass innerhalb 
des Kondensators Sattigungsstrom besteht. Aus dem Riickgang 
der Blatter bestimmt man den Potentialabfall und aus diesem 
mittels der bekannten Kapazitat des Apparates die Elektricitats- 
menge, die durch die freien lonen der hindurchgesaugten Luft 
neutralisiert ist. Hieraus folgt mittels des bekannten Volumens 
der letzteren die im Cubikcentimeter enthaltene an lonen gebun- 
dene Ladung und aus dieser, nach Division durch die Eigenladung 
eines Ions (3.4 X io~*° E. E) die lonenmenge in der Volumein- 
heit. Als Korrektion ist von vornherein der Potentialverlust in 
Abrechnung zu bringen, der bei ruhender Turbine und geschlos- 
senem Kondensator beobachtet wird. Dieser ist normaler Weise 
so gering, dass sein Einfluss den der Beobachtungsfehler kaum 
iibersteigt. Zur Messung der lonenbeweglichkeit, d. h. derjenigen 
Geschwindigkeit, die den lonen durch ein Potentialgefalle von 
I Volt pro Cm erteilt werden wiirde, setzt man auf den Haupt- 
kondensator des Apparates einen anderen, am einfachsten gleich- 
artig gebauten, sogenannten Vorschaltkondensator auf. Seine 
Innen- und Aussenflache werden durch eine konstante Batterie auf 
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eine Potentialdifferenz geladen, die so klein bemessen ist, dass in 
seinem Innem sicher ein ungesattigter Strom fliesst. Es wird 
daher der durch die Turbine angesaugte Luftstrom nicht seiner 
samtlichen lonen innerhalb dieses Vorschaltkondensators beraubt 
werden, sondern einen Teil noch an den mit dem Elektroskop 
verbundenen, auf mehre hundert Volt Potentialdifferenz geladenen 
Hauptkondensator abgeben. Je beweglicher die lonen sind, um 
so geringer wird dieser letztere Anteil sein, um so kleiner wird 
also der am Elektroskop gemessene Potentialverlust werden, sobald 
der Vorschaltkondensator an seine Ladungsbatterie angelegt ist. 

Bezeichnet man nun mit M die Menge Luft in Ccm, die den 
Apparat wahrend einer Sekunde durchfliesst, mit v^ die Potential- 
abnahme am Elektroskop, wenn der Vorschaltkondensator zwar 
aufgesetzt, aber zur Erde abgeleitet ist, mit v^ diejenige, die in 
gleicher Zeit bei geladenem Vorschaltkondensator beobachtet wird, 
mit ^/^ die Potentialdifferenz der Ladungsbatterie, mit L die Lange, 
mit R und r den ausseren und inneren Radius der Kondensator- 
belegungen, so ist die gesuchte lonengeschwindigkeit : * 

u = M, log — (z'.-f i) 



2 TT /,. dV. v^ 



War der Hauptkondensator bei dem Versuche positiv geladen, 
so gibt die Form el die Geschwindigkeit der negativen, im umge- 
kehrten Fall die der positiven lonen bei einer Feldstarke von 
I Volt / I cm. 

Die Grossen v^ und v^ bedeuten die schon durch Abzug der 
bei ruhender Luft in gleicher Zeit eintretenden Verluste korri- 
gierten Potentialabnahmen. 

Eine vollstandige Messungsreihe zur Feststellung sowohl der 
lonenzahl jeder Art ira Cubikcentimeter Luft sowie ihrer Beweg- 
lichkeiten wiirde daher zwei Beobachtungen ohne und vier mit 
Vorschaltkondensator erfordern, von den letzteren wiirden zwei 
bei geladenen und zwei bei zur Erde abgeleiteten Belegungen des 
letzteren zu machen sein. Bedenkt man nun, dass die Dauer 
einer Beobachtung nur in den giinstigsten Fallen bei stark ioni- 
sierter Luft weniger als 15 Minuten betragen darf, da sonst der 
Blattchenriickgang zu klein ist, um gut messbar zu bleiben, dass 
ferner bei geladenem Vorschaltkondensator wegen der teilweisen 
Entionisierung der Luft die Zeit noch zu verlangern ware und dass 

iVgl. H. Mache, Phys. Zeitschrift TV, p. 717, 1903. 
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beim Ubergang von positiver zu negativer Ladung eine Pause 
notwendig ist, um etwaige Reste von Elektrisierung auf den Iso- 
latoren unschadlich zu machen, so erkennt man, dass zu einem 
vollstandigen Beobachtungssatze nahe zwei Stunden erforderlich 
sind. 

Bei der kurzen Dauer der Periode, in der das Sonnenlicht 
wahrend der Finsternis stark geschwacht ist, selbst wenn wir 
von der eigentlichen Totalitat ganz absehen, wiirde es also keinen 
Sinn gehabt haben, in dieser Weise zu beobachten, die einzelnen 
Ergebnisse waren dann bei so verschiedenen Phasen der sichtbaren 
Sonnenscheibe gewonnen, dass ihre Kombination unzulassig sein 
musste. 

In Riicksicht auf diese Erwagungen entschlossen wir uns. die 
Aufgabe einzuschranken, und es bandelte sich darum zu ent- 
scheiden, welche Messungen am Tage der Finsternis als unent- 
behrlich beibehalten und welche unterlassen werden soUten. Die 
Wahl war nicht zweifelbaft; da es nach anderen Erfahrungen 
nahe lag, anzunehmen, dass der mit der Totalitat verbundene 
Temperaturfall durch Erhohung der relativen Feuchtigkeit eine 
Belastung der lonen herbeifiihren wiirde, so schien es uns von 
wesentlichem Interesse, die lou^ndeweglichkeit in erster Linie zu 
bestiifimen. Aber auch hier war noch eine Beschrankung auf das 
ein€ Vorzeichen der Ladung geboten, besonders auch, um von 
vomherein den oben erwahnten Fehler auszuschliessen, der beim 
Wechsel der Polaritat durch Restladungen verursacht werden kann. 
Wir entschieden uns fiir die Bestimmung der Beweglichkeit der 
positiven loneti, weil diese ja normaler Weise in geringem Uber- 
schusse in der Atmosphare enthalten sind und bekanntermassen 
bei Hemmung ihrer Bewegungsfreiheit durch angelagerten Wasser- 
dampf ( wie im Nebel und an der Grenze von Wolkenschichten ) 
Storungen des Potentialgefalles der atmospharischen Elektricitat 
bewirken. 

Diese Beobachtungen, welche, wie ersichtlich, die Anwendung 
des Vorschaltkondensators bedingten, erlaubten nun zugleich auch 
zwar nicht absolute Zahlungen, aber doch relative Vergleichungen 
der Anzahl der positiven lonen in der Volumeinheit der Luft. Ist 
namlich der Vorschaltkondensator bei laufender Turbine aufge- 
setzt, wahrend seine Belegungen unter sich verbunden und zur 
Erde abgeleitet sind, so bestimmt der oben mjt v^ bezeichnete 
Riickgang des (jetzt ausschliesslich negativen) Potentiales am 
Hauptkondensator im Verein mit der Kapazitat des letzteren- 
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( einschliesslich des Elektroskopes ) und dem von der Turbine 
gefbrderten Luftvolum wie oben ausgefiihrt die an die positiven 
lonen der Luft gebundene Elektricitatsmenge und dadurcb auch 
die lonenzabl in der Volumeinheit. Nur ist zu beachten, dass die 
Luft jetzt nicbt unmittelbar aus der freien Atmosphare in den 
Hauptkondensator eintritt, vielmehr zuvor erst den geerdeten 
Vorscbaltkondensator passiert hat. In ihm wird sie einen Teil 
ihrer freien lonen durcb Absorption an dessen Wanden verlieren; 
in der Tat ergibt sich bei konstanter lonisierung der Luft der 
Blattchenriickgang kleiner bei aufgestecktem und geerdetem Vor- 
scbaltkondensator, als ohne diesen, selbst wenn der Fehler, der in 
der Verminderung der von der Turbine gefbrderten Luftmenge 
durch die jetzt vergrosserte Reibung liegt, durch Verlangerung 
der Beobachtungsdauer ausgeglichen wird. Die in der Tabelle VI 
aufgefiihrten Zahlen fiir die Anzahl der positiven lonen im Cubik- 
centimeter beziehen sich nun auf solche Luft, die zuvor den unge- 
ladenen Vorscbaltkondensator durchstromt hat, sind also kleiner, 
als es dem lonengehalt der freien Luft entsprechen wiirde. 

Die soeben begriindete Beschrankung auf die Bestimmung der 
Beweglichkeit und relativen Anzahl der positiven lonen gilt nur 
fiir den Tag der Finsternis, die Messungen der vorhergehenden 
Tage suchten dagegen ein moglichst voUstandiges Bild vofl dem 
Verhalten beider lonenarten zu gewinnen. Vom 23ten bis 26ten 
wurde taglich einmal, vom 27ten bis 29ten zweimal lonenzahl 
und Beweglichkeit fiir beide Vorzeichen, ausserdem am 23ten, 24ten 
und 26ten die erstere auch ohne Vorscbaltkondensator bestimmt. 
Man erkennt (Tabelle V), dass in der Tat die auf letzterem Wege 
erhaltenen Zahlen grosser sind, wie die bei Anwendung des Vor- 
schaltkondensators gefundenen, mit Ausnahme der einen Beobach- 
tung fiir die Zahl der negativen lonen am 26. August. Man muss 
annehmen, dass zwischen den beiden Messungen eine Veranderung 
dieser Zahl erfolgt ist. Am 30. August, dem Tage der Finsternis, 
wurde um 9a eine Bestimmung der Anzahl und Beweglichkeit der 
negativen lonen gemacht und dann von loa bis 6p die Beobachtung 
auf die positiven beschrankt. 

Die Konstanten des benutzten Apparates sind nach der Angabe 
der Verfertiger folgende : 

In 505 Sekunden, d. h. zwischen 5 von dem Apparate selbst- 

tatig gegebenen Glockenzeichen fordert die Turbine, wenn der 

Vorscbaltkondensator nicht aufgesetzt ist, 837.458 Liter Luft. Die 

•Kapazitat des geladenen Systems ist 8.93 cm. Der Vorschaltkon- 
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densator (Lange L = 12 cm, Radius des ausseren Cylindermantels 
R = 1.5 cm, Radius des inneren r = 0.25 cm ) emiedrigt die in der 
Zeit zwischen 5 Glockenzeichen (die jetzt 508 Sekunden betragt) 
gefbrderte Luftmenge auf 809.356 Liter. Die Polspannung der 
Iradungsbatterie fur den Hilfskonden.sator betrug dV=^ 22.78 Volt 
bei 23 Grad Celsius.* 

Wie soeben bemerkt, werden durch das den Aspirator treibende 
Uhrwerk selbsttatig Glockenzeichen gegeben. Bei gespannt ge- 
baltener Feder des letzteren ist zwischen zwei solchen Zeichen 
eine konstante Luftmenge durch den Kondensator gegangen. Die 
Zahlung der Zeichen gibt daher ein Mittel,'das geforderte Volum 
auch fiir langere Zeitintervalle zu bestimmen, vorausgesetzt, dass 
nach jedem Zeichen das Uhrwerk der Turbine neu aufgezogen 
wird. Nun ist, besonders bei stundenlang fortgesetzten Beobach- 
tungen, das Zahlen der Glockenzeichen eine sehr lastige Aufgabe; 
man gerat leicht in Zweifel, ob man nicht eines zu zahlen verges- 
sen Oder iiberhaupt nicht wahrgenommen hat. £s wurden daher 
die Glockenzeichen nur als Signale benutzt, die an das Aufziehen 
des Uhrwerks errinnerten, im iibrigen wurde auf Grund der oben 
angebenen Konstanten des Apparates die Zeit zwischen 15 Glo- 
ckenzeichen in Sekunden berechnet und als Beobachtungsdauer an 
einer Sekundenuhr abgemessen. Hiemach erforderte jede einzelne 
Beobachtung etwa 25 Minuten, nur in vereinzelten Fallen ist pro- 
beweise die Dauer auf die Halfte reduziert. Es war aber nicht 
zweckmassig diese kiirzere Zeit beizubehalten wegen der schon 
erwahnten Geringfiigigkeit der Potentialabnahme am Elektroskop, 
besonders bei geladenem Hilfskondensator. Ein Nachteil der 
langen Beobachtungsdauer liegt darin, dass bei den Bestim- 
mungen der lonengeschwindigkeit die Messungen mit ungelade- 
nem und geladenem Vorschaltkondensator so weit auseinander 
liegen, dass zwischen ihnen Anderungen der elektrischen Eigen- 
schaften der Luft eingetreten sein konnen, so dass es vielleicht 
bedenklich sein wiirde, sie miteinander zur Berechnung der u zu 
kombinieren. 

An den Tagen vor der Finsternis, von denen je nur i — 2 voll- 
standige Beobachtungsreihen vorliegen, wurden die Daten einer 
und derselben Reihe immer als zusammengehorig betrachtet und 
so der Rechnung zu Grunde gelegt. Am 30. August dagegen 
folgten von loa bis 5p ununterbrochen die Beobachtungen mit 

1 Diese Daten sind der Berechnung der lonenzahlen und lonenbeweglichkeiten zu 
Grande gelegt. 
4 
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geerdetem und geladenem Vorschaltkondensator so aafeinander* 
dass zwischen je zweien der einen Art eine solche der anderen lag. 
Hier ist es moglich, und mil Riicksicht auf die schwankenden 
Wettcrverhaltnisse dieses Tages sogar notwendig, die Mittel aus 
je zwei benachbarten Messungen der einen Reihe mit dem 
zwiscbenliegenden Werte der anderen zusammenzunehmen. 

Man erhalt so zwei Reihen fur die lonengeschwindigkeiten u _, 
bei der einen sind die Messungen bei geladenem Kondensator 
durch das Mittel der Messungen bei ungeladenem, bei der anderen 
die bei ungeladenem durch die Mittel der Messungen bei geladenem 
eingeschlossen. Schliesslich sei noch bemerkt, dass die Potential- 
abnabme bei ruhender Turbine und geschlossenem Kondensator- 
rohre, d. h. der als Korrektion anzubringende Betrag. im Mittel 
aus 6 meist iiber die Nachtstunden ausgedehnter Bestimmungen 
in der Stunde i 5 Volt, in der Zeit zwischen 15 Glockenzeichen 
demnach a6 Volt betrug. 

b. Ergebnisse der lonen-Beobachtungen. 

Die Ergebnisse aller Beobachtungen sind in den Tabellen V — ^VII 
ubersichtlich zusammengestellt, V und VI beziehen sich auf die 
Tage vor der Finstemis, in VII sind die Messungen fiir den Tag 
der Verfinsterung selbst aufgefiihrt. 



Tabelle V. 



Datum und 

mittlerc 

Zeit. 



lonenzdhlungen mitiels (Us Ebertschen Apparaies 
ohne Vorschaltkondensator, 



23. Aug., 9a. 

23. Aug., 6X p. 

24. Aug.,9Xa. 
26. Aug., 1 1)4 a. 



Abnahme dea Potentials corri- 
gierty zwischen 15 Glocken- 
zeichen in Volt. 



FQr positive 
Ladung. 

19.5 
16.9 
20.5 
16.2 



Piir negative 
Ladung. 

21.2 
22.7 
22.0 
27.5 



Anzahl der lonen in Cbcm. 



Positive. 

741 
794 
765 
962 



Negative. 
679 

585 
712 

565 
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Tabellk VI. lonenzdhlungen und Bestimmung der Beweglichkeit der 
loncn am Edeftschen Apparat mit Maches Vorschaitkondensator, 



Datum 


Corr. Abnahme des Po*ential8 


Anzahl 


Beweglichkeit 

der fonen in 

cm, ftir 




und 
mittlere 


zwischen 


15 Glocken- 


der 
lonen 


Bemerkungen. 


Zeit. 


zeichen. 




in Cbcm. 


1 Volt/ 1 cm 






Vorschaltkondensator. 


















Der 


Der 


Der 


Der 




190*;. 


Geerdct. 


Geladen. 














Ladung des 


I^dung des 


posi- 


nega- 


posi- 


neffa- 






llektroskopas. 


lltktrwkopM. 


tiven 


tiven. 


tiven. 


tiven 






+ 1 - 




23. Aug., 9^4:0. 


157 




6.9 
6.6 




537 
674 


565 
532 




094 
0.94 




24. Aug., 10;^ a. 


14.8 


18.7 


5.8 


1. 15 




25. Aug., I2in. 


14.6 


16.3 


4.3 


7.6 


588 


527 


0.89 


1.17 




26. Aug., ^p. 


19.9 


25.4 


8.7 


15.6 


915 


718 


0.64 


0.93 




27. Aug., I2in. 


25.8 


22.7 


12.0 


13.2 


818 


929 


0.70 


0.89 




27. Aug.. 6p. 


27.5 


21.4 


13.7 


1 1-3 


771 


991 


0.79 


083 




28. Aug., iia. 


17.2 


18.3 


6.1 


6.8 


659 


621 


1.04 


1.07 




2a Aug., 7p. 


21.7 


20.2 


9.3 


9.5 


729 


782 


0.88 


0-95 




29. Aug., loa. 


18.6 


30.7 


8.9 


151 


1 106 


671 


0.84 


0.87 




29. Aug., 6p. 


19.2 


22.5 


no 


14.6 


812 


691 


0.58 


0.71 




30. Aug., 9a. 


25.0 




15.6 






900 




62 


Ptir die posit iven 
lonen vergl. fol- 
gende Tabelle. 














































Mittel 


Mittel 


MiUel 


MiUel 














761 


721 


0.83 


090 
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Tabelle V ist von untergeordneter Bedeutung, sie enthalt einige 
Probeversuche mittels des Ebertschen lonenzahlers ohne den 
Macheschen Vorschaltkondensator; die Zahlen sind durchweg etwas 
kleiner, als die von Ebert * nach derselben Metbode am Tage der 
Finstemis in Palma auf unserer Beobachtungsstation gefundenen, 
iibertreffen aber im allgemeinen die von ihm auf dem freien Meere 
im Golf da Lion erhaltenen. 

Tabelle VI gibt die Zahl und Beweglichkeit beider lonenarten 
vom 23. — 29. August wieder, und ausserdem dieselben Bestimmungen 
fiir die negativen lonen am Morgen des 30ten. Aus dem oben 
aufgefiihrten Grunde sind die lonenzahlen sicher etwas zu klein 
und stellen daher nur ein relatives Maas der lonisierung der 
Luft dar. Im Mittel sind die lonenmengen fiir beide Arten nahe 
gleich, die Beweglichkeiten dagegen fiir die negativen fast durch- 
weg grosser als fiir die positiven. Abgesehen vom 27. fielen die 
Abendwerte der Beweglichkeiten kleiner als die um Mittag gewon- 
nenen aus, eine Erscheinung, die wohl auf Belastung 4er lonen bei 
sinkender Temperatur beruhen kann. Am 30. August, dem ent- 
scheidenden Tage, wachst die Zahl der vom Apparate aufgefan- 
genen lonen bis Mittag an, erreicht wahrend der Finstemis ein 
Minimum, steigt wieder an, um ein zweites tieferes Minimum 
zwischen 3^* und 4^ zu durchlaufen und zwischen 5—6 Uhr selbst 
iiber den Durchschnittsbetrag hinauszugehen (Tab. VII). 

Es ist wahrscheinlich, dass das erste Minimum bald nach der 
Totalitat insofem als Folge der Verminderung der Sonnenstrahlung 
aufgefasst werden kann, als auch hier eine Belastung der lonen 
wahrend des Temperaturabfalles eintrat und der Ebertsche 
Apparat die am starksten beschwerten iiberhaupt nicht mehr auf- 
nahm.' Es wiirde sich demnach nicht sowohl um eine Verminde- 
rung der Zahl der lonen, als vielmehr ihrer Beweglichkeit handeln. 
Das zweite Minimum um 3h 30 ist dann in ahnlicher Weise durch 
die Starke Bewolkung zu erklaren, die kurz vorher ihre grosste 
Ausdehnung erhalten hatte. Nach 4 Uhr trat sogar voriibergehend 
wieder Sonnenschein auf, die von dem Apparate angezeigte lonen- 
zahl nahm entsprechend wieder zu. 

Diese Auffassung wird fast zur Gewissheit bei Heranziehung 
der Tabellen der lonenbeweglichkeit. Mit sehr kleinen Werten 
am Morgen beginnend ( entsprechend dem regnerischen Charakter 
des Wetters). steigt sie schnell mit zunehmender Temperatur bis 

^H. Ebert, Phys. Zeitschrift VI, p. 641, 1905. 

< Diese Aufifassung wird auch von Herm Eberl 1. c. ausgesprochen. 
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Mittag, sinkt wahrend der Finstemis nach der Totalitat sehr stark 
herunter, urn gegend Abend erst normale Werte zu erreichen. 
Wie dem ersten Minimum der lonenzahl gegen 9^ ein sehr tiefes 
Minimum der Beweglichkeit entspricht. so findet sich auch zu dem 
zweiten um 3** 30 ein allerdings nicht so tiefer Minimalwert der 
letzteren. Vergl. hierzu die graphische Darstellung Figur 6. 



sn 



05 



lOk «1 12 1 i J 4- f <|i 

Fic.UR 6. Verlauf von «_^ am 30. VIII, 1905 

Sieht man den um 2 Uhr gefundenen Betrag der mittleren 
Beweglichkeit von o.ii cm seiner Grosse nach als sicher fest- 
stehend an,«so ware dadurch der Nachweis geliefert, dass um diese 
Zeit der Ebertsche Apparat tatsachlich nicht alle lonen aufiangen 
konnte, da die fiir ihn notwendige Bedingung unerfiillt blieb, dass 
ihre Beweglichkeit oberhalb 0.2 cm liegen muss. 

Wir glauben also aus den mitgeteilten Zahlen den Schluss ziehen 
zu diirfen, dass die Wirkung der Son nen finstemis auf die lonen der 
Atmcsphare wesentlich in einer Vermin derung ihrer Beweglich- 
keit, wenigstens iiir die positiven, bestand. Eine Verminderung 
der lon^VLzahl in der Volumeinheit halten wir durch unsere Be- 
obachtungen nicht fiir erwiesen. 

Der sehr starke Einfluss der Verfinsterung auf die lonenbeweg- 
lichkeit ist wahrscheinlich dem wolkigen Wetter, sowie der kurz 
vorhergegangenen Benetzung des Erdbodens durch Regen zuzu- 
schreiben, wodurch lokal starker Gehalt an Wasserdampf in der 
Luft verursacht wurde, der bei der sinkenden Temperatur die 
lonen beschwerte. Vielleicht ist, von diesem Gesichtspunkte aus 
betrachtet, das Wetter unserem Vorhaben doch nicht so ungiinstig 
gewesen, wie wir zuerst dachten ; es ist moglich, dass bei klarem 
Himmel und ohne vorhergegangenen Regen die Unterschiede der 
lonenbeweglichkeit gegen die normalen weit w^eniger deutlich aus- 
gefallen waren. 

Was nun die Beziehung dieser Beobachtungen zu denen der 
Zerstreuung und dcs Potentialgefalles anlangt, so stimmt die 
geriuge Beweglichkeit der lonen am 30. August, iusbesondere ihre 
grosse Tragheit unmittelbar nach der Totalitat mit den niedrigen 
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an diesem Tage gefundeneu Zerstreuungen und dem Minimum von 
a+ wahrend der Zeit der geringsten Lichtintensitat gut ii herein. 
Vorausgesetzt, dass keine weiteren Einfliisse, als die Verlang* 
samung der lonen in der Atmosphare tatig gewesen sind, so ware 
fiir das Potentialgefalle eine Zunahme nach dem Maximum der 
Verfinsterung zu erwarten gewesen. Es scheint uns zweifelhaft, 
ob man aus der Kurve des Potentialgefalles diesen Zusammenhang 
herauslesen darf. Man kann ihr leider bei den fiir solche Mes- 
sungen hochst ungiinstigen Verhaltnissen des 30. August keine 
ausschlaggebende Bedeutung beimessen ; bekanntlich wird ja das 
Potentialgefalle an der Erdoberflache durch nichts starker beein- 
flusst, als durch die Anwesenheit von regnenden Wolken am sicht- 
baren Himmelsgewolbe; in der Tat ist aber, wie schon eingangs 
bemerkt, um die Zeit der Finsternis in der Nahe von t^alma 
Regen gefallen. 

TEIL II. PHOTOMETRISCHE BEOBACHTUNGEN. 

a. Apparate und Methode, 

Als Photometer diente ein nach Angaben von J. Elster und H.. 
Geitel von Giinther und Tegetmeyer in Braunschweig gebautes 
Instrument. Das Princip des Photometers ist dasselbe, wie bei 
friiheren Konstruktionen : * es wird die Intensitat der Strahlung 
proportional gesetzt der von einer negativ geladenen Metallflache 
bei der Belichtung abgegebenen Elektricitatsmenge und durch die- 
selbe gemessen. Der Ersatz der bei den alteren Instrumenten als 
lichtempfindliche Elektrode verwandten Kugel aus amalgaraiertem 
Zink durch Oberflachen aus reinem Alkalimetall gestattete den 
photoelektrischen Strom bequem galvanometrisch zu messen und 
dadurch die Genauigkeit der Messung sehr erheblich zu steigem. 
Als lichtelektrisch wirksame Elektrode wurde eine diinne Schicht 
aus metallischem Rubidium* gewahlt. Eine Glaskugel wurde in- 
nen zur Halfte versilbert und auf diese Silberschicht durch De- 
stination eine Schicht von reinem Rubidium niedergeschlagen ; 
ein eingeschmolzener Platindraht vermittelte die Leitung nach 
aussen, ein Platinring diente als zweite Elektrode; die Elektroden 
befanden sich in hohem Wasserstoflfvakuum. Den Mechanismus 

1 J. Elsier und H. Geitel, Wien. Ber. ^^, iia, 703, 1892 ; auch Wied. Ann. '♦J, 353, 
i8gi3 ; Physik. Zeitsch. *, 238, 1904. 

* Wir wahlten Rubidium, weil wir im Besitze einer hochempfindlichen Zelle mit 
einer Kathodenflache aus diesem Metalle waren ; auch metallisches Kalium und 
Natrium ist zu demselben Zwecke brauchbar. 
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des Hchtelektrischen Vorgangs denkt man sich bekanntlich jetzt so, 
dass das einfallende Licht die Aussendung von Elektronen aus der 
b^lichteten Elektrode bewirkt. Man wiirde also zwischen den 
Elektroden der photoelektrischen Zelle einen Strom bekommen, 
auch ohne dass in dera Stromkreis eine besondere Batterie einge- 
schaltet ware. Tatsachlich ergab die Rubidiumzelle bei Belichtung 
mit freiem Sonnenlicht spontan einen Strom von der Grossen- 
ordnung io~7 Amp. Infolge der bei dem definitiven Instrument 
notig gewordenen Diaphragmen und Lichtfilter wurde jedoch diese 
Stromstarke ganz wesentlich herabgesetzt ; es war deshalb wiin- 
schenswert sie erheblich zu steigem. Es ist klar, dass bei der 
eben beschriebenen Anordnung nicht alle von der belichteten Elek- 
trode ausgesandten Elektronen zur Anode gelangen, also zur 
Strombildung beitragen ; man kann die Stromstarke vergrossem 
und damit eine Erweiterung des Messbereichs der Photometer- 
anordnung erreichen, wenu man zwischen die beiden Elektroden 
der photoelektrischen Zelle ein elektrisches Feld legt, fiir das die em- 
pfindliche Elektrode Kathode ist. Dadurch wird ein um so grosserer 
Bruchteil der von dem belichteten Metall ausgesandten Kathoden- 
strahlen zur Anode gefiihrt, je grosser die Potentialdifferenz der 
Elektroden ist ; doch treten bei starken Kraften durch lonenstoss 
Komplikationen auf, die fiir Messzwecke besonders deshalb storen, 
weil dann einer kleinen Anderung der Feldstarke eine unverhalt- 
nismassig grosse Anderung der Stromstarke entspricht. Es wurde 
deshalb die erstere nur so gross gewahlt, dass der Strom mit einem 
Drehspulengalvanometer gut messbar wurde. Es geniigte dazu 
eine in den Stromkreis eingeschaltete Batterie von 6 kleinen 
Trockenelementen. Die Abhangigkeit des Galvanometerausschlages 
von der elektromotorischen Kraft dieser Batterie gibt fiir einen 
bestimmten Fall folgende Tabelle : 



Volt. 


Ausschlag. 


o 


21 


I 


62 


2 


90 


3 


114 


4 


138 


5 


160 


6 


170 



Die Tabelle zeigt, dass bei Anwendung einer Spannung von 6 Volt 
die Anderung des Ausschlages bei einer um i Volt zunehmenden 
Spannung kleiner als 10 Skalenteile ist. Durch Temperatur- 
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schwaukungen herbeigefuhrte Anderungen der elektromotorischen 
Kraft der Batterie werden daher zu vcmachlassigen sein, solange 
als, wie es stets geschah, die Betriebsspannung von 6 Elementen 
geliefert wurde. 

Die direkte Bestrahlung der Zelle mit freiem Sonnenlicht erwies 
sich fiir die praktische Ausfuhrung des Photometrierens als 
unzweckmassig. Die Erwarmung der Rubidiumschicht war so 
gross, dass eine Anderung ihrer photoelektrischen Empfindlichkeit 
zu befurchten war. Um dies zu verhindem, wurde ein Strahlen- 
- filter eingeschaltet, das die langwelligen Strahlen abhalten soUte. 
Als solches diente eine Platte aus Jenenser Blau-Glas; dieselbe 
absorbierte alle Strahlen, deren Wellenlange grosser als 500/ui/ui 
ist ; da die Durchlassigkeit dieses Glases sich weiter ins Ultraviolett 
hinein erstreckt, als die des Glases der photoelektrischen Zelle, 
so ist das letztere massgebend fiir die Begrenzung des Lichtes nach 
kleinen Wellenlangen hin ; demgemass werden Strahlen von einer 
Wellenlange unter $20/1/1 nicht mehr in betrachtlicher Intensitat 
auf die Rubidiumflache gelangt sein. 

Die als Filter dienende Glasplatte war einseitig matt geschliffen, 
damit ins Photometer nur di£Fuses Licht eindringen konnte. 
Eine vor der Glasplatte angebrachte Irisblende erlaubte dann noch 
die Lichtstarke im Photometer in gewissen Grenzen zu regulieren. 
Es erwies sich als zweckmassig die Blendenoffhung nicht zu weit 
zu wahlen, weil bei enger Blende die Anforderungen an die Genau- 
igkeit der Orientierung des Photometers bedeutend herabgesetzt 
wurden. Bei der gewohnlich benutzten Blendenoffhung von 7 mm 
Durchmesser durfte die Neigung des Photometerrohrs um etwa 
0.5 Grad geandert werden, ehe eine deutliche Anderung des Gal- 
vanometerausschlages zu konstatieren war; dies ist besonders dann 
von Wert, wenn man bei niedrigem Sonnenstand, wo sich die Son- 
nenhohe schnell andert, photometrieren will. Um Fehler durch 
Erwarmung der wirksamen Photometerteile noch moglichst zu 
verkleinem, war das Photometer einmal durch einen grossen 
Metallschirm vor direkter Strahlung geschiitzt, andererseits wurde 
der die photoelektrische 2^11e enthaltende Raum mittels eines 
Ventilators dauemd gekiihlt. 

Im einzelnen ist das Photometer folgendermassen konstruiert : 

Die kugelformige lichtelektrische Zelle ist fest montiert in einer 

weiten, innen geschwarzten Messingkapsel. Die Zuleitungen zu 

den Elektroden sind mittels Bernstein gut isoliert Ein luftdicht 

eingesetztes Thermometer dient zur Ablesung der Temperatur im 

5 
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Innern des Instrumentes. Die Kapsel tragt einen Ansatz mit einem 
gleichfalls innen geschwarcten Messingrohr, das zunachst der 
Zelle das Strahlenfilter, davor die Irisblende enthalt Die OfTnung 
dieses Rohres kann durch eine Kappe lichtdicht verschlossen 
werden. Unterhalb dieser Photometerkapsel ist der Uhrwerk- 
ventilator montiert, der durch kraftiges Durchsaugen von Luft 
die Temperatur im Innern des Photometers konstant zu halten 
bestimmt ist. Zwei weite Messingrohre dienen zum Ansaugen der 
Lnft ; um storenden Lichtzutritt zu verhindem, sind sie halbkreis- 
fbrmig aufgewunden. Das Ganze ist um eine vertikale und um 
eine horizon tale Axe drehbar (um letztere mit Mikrometereinstel- 
lung), so dass dem Photometerrohr jede beliebige Lage gegeben 
werden kann. Die horizontale Axe ist zur Brmittelung der Son- 
nenhohe mit einem an einem festen Index vorbeigleitenden Teil- 
kreise verbunden. Eine Libelle sichert die horizontale Aufstellung 
des ganzen Statifs. Die Einstellung in die Richtung des zu photo- 
metrierenden Korpers (Sonne) erfolgt mit Hiilfe einer einfachen 
Visiervorrichtung mit Padenkreuz, ahnlich den an photographi- 
schen Apparaten verwendeten Suchem. 




FiGUR 7 

Die verwendete Schaltung ist aus der Skizze (Fig. 7) wohl ohne 
weiteres klar : B ist die Batterie von 6 Trockenelementen, ihr posi- 
tiver Pol ist mit dem Platinring P, ihr negativer iiber den Kommu- 
tator K und das Galvanometer G mit dem Rubidiumbelag der Zelle 
Z verbunden. F ist das Lichtfilter, D die Irisblende, A ist die 
Verschlussklappe des Photometers. Die Priifung, ob die Galvano- 
meterausschlage der Lichtstarke proportional gesetzt werden kon- 
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nen, geschah in doppelter Weise ; einmal mit Sonnenlicht wahrend 
der Mittagszeit, wo die Sonnenhohe geniigend lange als konstant 
angesehen werden kann, durch Verkleinerung oder Erweiterung 
der Offnung der Irisblende ; ausserdem durch Belichtung mit einer 
Bogenlampe, deren Entfernung variiert wurde. Die bei der ersten 
Methode erhaltenen Galvanometerausschlage waren genau dem 
Blendenquerschnitt proportional, die nach der zweiten Methode 
erhaltenen waren wenigstens dem reziprokem Quadrat des Ab- 
standes so gut proportional, wie sich bei der Inkonstanz der 
Bogenlampe und der Unsicherheit der Einstellung des Photometers 
auf nahe Entfemungen, fiir welche die Visiervorrichtung nicht 
eingerichtet war, erwarten Hess. Die Genauigkeit der Messung 
lasst sich ohne Schwierigkeit auf %% bringen. 

b. Ergeimisse der photomeirischen Beobachiungen. 

Das Photometer war, wie erwahnt, auf einem Tische, der auf 
dem Altan unmittelbar vor dem Penster des Beobachtungsraums 
stand, moutiert und zwar so, dass die erforderlichen Einstellungen 
auf die Sonne und die Ablesung der Sonnenhohe vom Zimmer aus 
gemacht werden konnten. Bei dieser Aufstellung waren Messungen 
von etwa 9 Uhr Vorm. bis gegen 5>^ Uhr Nachm. moglich, 
vor- und nachher wurde die Sonne durch Nachbargebaude ver- 
deckt. Irgend welche Schwierigkeiten bei der Messung stellten 
sich nicht heraus; nachdem die notigen Leitungen gut isoliert 
waren, gab das Galvanometer, wenn durch die Kappe A alles 
Licht vom Photometer abgeblendet war, nie einen Ausschlag von 
mehr als i mm. 

Nachdem die Instrumente fest aufgestellt waren, wurden an den 
der Finstemis vorangehenden Tagen Messungen der Intensitat der 
Sonnenstrahlung in der Abhangigkeit von der Sonnenhohe ausge- 
fuhrt, die einerseits die Konstanz der Strahlung an verschiedenen 
Tagen priifen, andererseits die Schwankungen an normalen Tagen 
wahrend der der Finstemis entsprechenden Stunden feststellen 
sollten. Die so gewonnenen Messungen gestatten gleichzeitig 
cine Messung des Absorptionskoeffizienten der Atmosphare fiir die 
in Betracht kommenden Strahlen. 

In den folgenden Tabellen bedeutet B die am Photometer gemes- 
sene Sonnenhohe (auf etwa o.i bis 0.2 Grad genau), 5beob ist der 
Ausschlag des Galvanometers* (commutiert), 5bcr. ist der aus 

1 Empfindlichstes Drehspulen-Spiegelgalvanometer von Hartmann u. Braun, 
Frankfurt. 1 Sk. t. etwa = 10-^ Amp. 

Diesen Ausschlag etwa wtirde bei der benutzten Anordnung eine 5okerzige 
Kohlenfadengluhlampe in 10 cm Abstand vor der matten Blauglasscheibe gegeben 
haben. 
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der Formel 5=5o/ berechnete Wert.* Die zur Berech- 

nung benutzten Werte von 5© u./ sind in jeder Tabelle ange- 
geben. 5© ist die Solarkonstante in willkiirlichem Mass (d. h. die 
Intensitat an der Grenze der Atmosphare), p ist der Transparenz- 
koeffizient der Atmosphare ; es ist / = ^ - ^ , wenn X den Absorp- 
tionskoeflSzienten bezeichnet. 5'„=/5o ist der Lichtintensitat 
proportional, die bei senkrechter Inzidenz (^ = 90®.) die Erdober- 
flache erreichen wtirde. Bei fast alien Beobachtungsreihen zeigte 
sich, dass die regelmassig zwischen lo und 1 1 h a auftretende See- 
brise, wahrscheinlich durch die Zuftihrung von staubfreier Luft, 
cet. par. eine Vergrosserung der Galvanometerausschlage bewirkte; 
zur Berechnung von So und p wurden deshalb nur die Nachmit- 
tagswerte benutzt. Die Abweichungen der Morgenwerte erschei- 
nen dadurch unverhaltnismassig gross. In Figur 8 sind die 
Resultate der Beobachtungen vom 24. und 26. August graphisch 

I 



wiedergegeben ; als Ordinaten sind die^Werte von- 



aufge- 



sin B 

1 Die Berechnung geschah in folgender Weise : Bs wurde mit Hilfe der Kurven 
von Figur 7 / als die Tangente des Neigungawinkels der Geraden gegen die Ab- 
scissenaze bestiramt. Die Geraden selbst wurden so gezeichnet, dass sie sich den 
beobachteten Punkten moglichst gut anschlossen. Der so gewonnene Wert von p 
gestattete jedem S— Werte einen Wert von S© zuzuordnen, deren Mittelwert der Be- 
rechnung zu Grunde gelegt wurde. 
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tragen, als Abscissen die Logarithmen der Galvanometeraus- 
schlage; die entstehende Kurve soUte eine Gerade sein, Giiltigkeit 
des einfachen Absorptionsgesetzes vorausgesetzt. 

Tabbllb VIII. 24. August 190S. 






S (beob) 


8 ber) 


Diff. • 


Bemerkungen. 




44.9 


243 


252 


4 3.6 


Einzelne Cirri, ctwa 12 »> 30 be- 


504 


262 


262 





deutend klarere Fernsicht bei 


53.6 


271 


267 


— 1.5 


starker Seebrise. 


57.3 


281 


272 


— 3^3 




62.9 


285 


278 


— 2.5 




62.9 


285 


278 


— 2.5 


Zur Berecbnung der Konstanten 


62.2 


283 


277 


— 2.4 


sind nor die Zahlen bei abneh- 


60.0 


286 


275 


— 3.9 


mender Sonnenhohe verwertet - 


56.1 


284 


270 


— 5.1 




52.5 


263 


265 


4- 0.8 




35»9 


229 


230 


+ 0.5 




29.8 


211 


207 


— 1.9 




25.8 


X« 


189 


-f 0.6 




23.2 


156 


173 


-1- II.O 




15.5 


"3 


119 


■f 5.0 





^o = 399. P = 0.724, ^ = 28a 





Tabei,i,e IX. 26. 


August 190^, 





S beob) 


8 ber) 


Diff. # 


Bemerkanffcn. 




53.2 


306 


317 


+ 3.5 




56.3 


312 


324 


f 3.7 




594 


318 


329 


-f- 3.4 


Vollstandig wolkenfrei bis 4 Uhr 


61.9 


324 


326 


+ 0.6 


40 p. 


62.3 


325 


327 


+ 0.6 




61. 1 


322 


324 


+ 0.6 


Von II Uhr a. beginnt die See- 


590 


323 


325 


4- 2.0 


brise. 


56.0 


320 


324 


-h 0.3 




51.7 


316 


317 


+ 0.3 


Pur die Berechnung der Konstan- 


48.0 
42.8 


312 


3" 


— 0.3 


ten sind nnr die Nachmittags- 


290 


293 


+ i.o 


beobachtungen verwertet. 


Si 


s 


lU 


— 0.7 

— 0.8 




31.0 


250 


251 


4- 0.4 




25-9 


222 


221 


— 0.5 




22.9 


198 


200 


4- 1.0 




15.5 


129 


131 


4- 1.5 




ia9 


79 


79 


0.0 





5o = 492, p = 0.708, S^ = 348.* 

Am 27. August waren die Beobachtungen wegen einzelner 
Cumuli, die stets in der Nahe der Sonne waren, unmoglich. Der 
28. August war bis etwa i^ 30 p ganz klar. 

1 Diese Werte sind mit den entsprechenden der vorigen Tabelle nicht vergleich- 
bar, da die Galvanometeraufstellung inzwischen geandert werden musste. 
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Tabelle X. 28, August ipoj. 



$ 


S 1>eob 


S bcr 


Diff. 4 


Bemerkungen. 




48.0 


^'§ 


311 


— 1-3 




51.3 


318 


317 


— 0.3 




55.1 


323 


325 


-f- 0.6 




57.3 


330 


328 


— 0.6 




§H 


332 


330 


— 0.6 




60.8 


334 


333 


— 0.3 




61.4 


335 


333 


— 0.6 




61.4 


335 


333 


— 0.6 




60.0 


335 


^^2 


— 0.9 




574 


331 


328 


— 0.9 




53.7 


325 


323 


— 0.6 





Die beobachteten Zahlen liegen zu nahe beieinander, als dass eine 
Berechnung der Konstanten aus ihnen zweckmassig ware; die 
unter Sber aufgezeichneten Zahlen sind mit den Konstanten der 
vorigen Tabelle berechnet ; sie sind durchweg zu klein, doch be- 
tragt die Abweichung nur in einem Palle mehr als 1%. 

Tabelle XI. jo, Auqust 190^. Tag der Finsiernis, 
i = Zeit vom ersten Kontakt an gerechnet. 



/ 


S beob) 


5/5o :bco 


S/ So^T 


Diff. in « Strahlung der nicht verfinster* 
ten Sonne. 


m s 













322 


I.CXX) 


1. 000 




3^ 


321 


0.997 


0.990 


— 0.7 


6 


316 


0.982 


0.975 


— 0.7 


9 


310 . 


0.963 


0960 


— 03 


I^ 


Sonne in 


Cirrus 






290 


0.901 


0.884 


— 0.7 


20;^ 


284 


0.882 


0.855 


— 0.7 


25 


262 


0.814 


0.800 


— 1-4 


29 


250 


0.777 


0.755 


— 2.2 


32M 


229 


0.71 1 


0.708 


— 0.3 


40'A 


192 


0.596 


0.600 


+ 0.4 


46>4 


161 


0.500 


0.510 


+ 1.0 


48>^ 


148 


0.460 


0.480 


+ 2.0 


51 


135 


0.419 


0.440 


+ 2.1 


54 


117 


0.364 


0.395 


+ 3.1 


60 20 


83 


0.258 


0.300 


-i- 4.2 


67 40 


47.5 


0.148 


0185 


+ 3.7 


71 25 


295 


0.092 


0.136 


H- 4-4 


72 50 


^K 


0.072 


0.1 15 


+ 4.3 


74 20 


19* 


0.059 


0.095 


--3.6 


75 30 


12* 


0.037 


0.075 


-- 3.8 


78 


Tota?itat 


0.0 1 1 


0.036 


+ 2.5 


8c 
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Nach der Totalitat war eine Messung nicht mehr moglich, da die 
Sonne in einem Cumulus verschwand; es war deshalb auch die 
von subjektiver Schatzung freie Beantwortung der Frage, ob bei 
gleicher Phase der sichtbaren Sonnenscheibe die Lichtintensitat 
nach der Totalitat grosser sei, als vorher, nicht zu gcben. 

Die mit * bezeichneten Werte sind aus den mit ganz geoffneter 
Blende erhaltenen Galvanometerausschlagen mit Hiilfe des be- 
kannten Verhaltnisses der Blendenoffnung reduziert. Die unter 
ber. stehenden 2^1en bedeuten den Bruchteil der Sonnenscheibe, 
der von der Mondscheibe frei gelassen wird. Sie wurden unter den 
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vereinfachenden Voraussetzungen berechnet, dass i. die schein- 
baren Durchmesser von Sonne und Mond gleich gesetzt werden 
diirften und die relative Bewegung in der Richtung eines Durch- 
messers erfolgt ; 2. die Bewegung mit konstanter Geschwindigkeit 
vor sich geht Eine exaktere Rechnung zeigte, dass die an der 
berechneten Kurve anzubringenden Korrektionen sich teilweise 
aufheben, jedenfalls aber nirgends so grosse Werte erreichen, 
dass sie die Abweichung zwischen Beobachtung und Rechnung er- 
klaren konnten. Die Abweichungen sind besonders gross in der 
Nahe der Totalitat (vergl. Figur 9); zur Erklarung konnte man 
vielleicht an eine Erhohung der Absorption in der Atmosphare 
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denken, die etwa durch die Ausscheidung von Nebeltropfchen 
infolge der Abkiihlung bei zunehmender Verfinsterung verursacht 
ware. Viel wahrscheinlicher erscheint allerdings die Annahme, 
dass die peripheren Teile der Sonnenscheibe mit geringerer Intensi- 
tat strahlen. Dass dies auch ftir ultraviolette Strahlen der Fall ist, 
haben in einer wahrend der Niederschrift dieser Zeilen erschiene- 
nen Publikation^ K, Schwarzschild und W, Villiger nachgewiesen 
durch Photometrieren von Sonnenbildchen, die mittels eines astro- 
nomischen Femrohrs der Zeissschen Versuchsstemwarte in Jena 
aufgenommen waren. Man erkennt femer, dass nach Eintritt der 
Totalitat die Lichtintensitat unmessbar klein wurde, die Wirkung 
des Coronalichtes also nicht zu bestimmen war. Selbst die Schal- 
tung des Galvanometers auf die lofache Empfindlichkeit reichte 
nicht aus wahrend der Totalitat einen messbaren Ausschlag zu 
erzielen. 

£s fallt auf, dass der Transparenzkoeffizient der Atmosphare 
(0.715 im Mittel) bedeutend grosser ist, als der mit dem Zink- 
kugelphotometer * friiher gefundene (0.37 etwa, in Wolfenbiittel ) ; 
der Unterschied lasst sich durch die Tatsache erklaren. dass der 
optische Schwerpunkt der auf das offene Zinkkugelphotometer 
wirkenden Strahlen bei weit kiirzeren Wellenlangen liegt, als dass 
diese Strahlen die Glaswand der Rubidiumzelle noch hatten durch- 
dringen konnen. 

TEIL III. AKTIVIERUNGSVERSUCHE. 

Die Ennittlung des Gehaltes der freien Luft an radioaktiver 
Emanation geschah nach folgender von uns bereits friiher ange- 
gebenen Methode : 

Ein 10 m langer, etwa i m iiber dem Boden isoliert ausgespann- 
ter Kupferdraht von i mm Starke wurde durch Anschluss an den 
negativen Pol einer Hochspannungstrockensaule H S ( vergl. Figur 
i) dauemd auf einem Potentiale von 2500 Volt erhalten. Nach 
mindestens zweistiindiger Exposition an der in dem Situationsplan 
bezeichneten Stelle wurde er eingeholt, auf einen Drahtnetzcylinder 
aufgewickelt und so in den auch unten geschlossenen Schutz- 
cylinder des Zerstreuungselektrometers I eingefiihrt. Wir setzten, 
wie friiher, die Aktivitat der Luft =1 (die "Aktivierungszahr* 
^ = I ), wenn ein Meter Draht in einer Stunde das Potential des 
Zerstreuungskorpers um i Volt verringerte. Der durch die natnr- 

1 Phys. Zeitschrift, VI, 737, 1905. 

«/. Bhter und N. Geitel, Wien. Ber. loi ii» 1892, Man. 
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liche lonisation der Luft im Zerstreuungsraume in einer Stunde 
bewirkte Potentialabfall wurde in Abrechnung gebracht. Tabelle 
XII enhalt die Zusammenstellung unserer Ergebnisse. 

Tabellb XII. Aktivierungszaklcn in Palma vom 21. bis jo, 

August 1905. 

Datum: 21 23 24 25 26 27 28 29 30 
A\ 69.1 13.9 59.1 32.8 34.0 33 29.6 54.7 13.5 

Als Mittelwert der Aktivierungszahl findet man ^ ^ = 30, als 
Maximalwert Aramx = 69 und als Minimal wert ^min = 14. Die 
inducierte Aktivitat auf dem Drahte riihrte der Hauptsache nach, 
wie aus dem Abfall der Wirkung geschlossen werden konnte, vom 
Radium her. Der Frage, ob auch Thorium in geringem Masse da- 
bei beteiligt ist, sind wir nicht naher getreten. 

Es ist von Interesse, den obigen Mittelwert und die Extreme 
mit den entsprechenden an anderen Orten'bei identischer Versuchs- 
anordnung bislang gewonnenen zu vergleichen. Die Zusammen- 
stellung in Tabelle XIII ermoglicht dies. 
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Aus derselben erhellt, dass in Palma die Luft verhaltnismassig 
reich an Emanation ist ; keinesfalls steht sie in dieser Beziehung 
gegen die Luft iiber dem mittleren Europa zuriick. Vergl. die 
Werte fur Wolfenbiitiel und Halle a. S. Diese Tatsache ist um so 
auffallender, als bislang an den Kiisten der ndrdlichen Meere sich 
ganz wesentlich geringere Aktivierungszahlen ergeben haben, als 
an Often des Binnenlandes. ( Beobachtungen in Juist und Kiel.) 
Auch G. C. Simpson findet 1. c. in Hammerfest bei Seewind viel 
kleinere Werte als im Innern der Skandinavischen Halbinsel. 
Somit hat es den Anschein, als ob die Luft iiber dem Mittelmeere 
reicher an radioaktiver Emanation ist als iiber dem freien Ocean, 
wenn nicht vielleicht der Erdboden auf Mallorca eine besonders 
reiche Quelle an Radiumemanation darstellt. 

Proben von Erde, aus dem Garten der Schaderschen Wohnung 
entnommen, zeigten keine bemerkenswert hohe Radioaktivitat. 

SCHLUSSBETRACHTUNGEN. 

Beurteilen wir die im vorstehenden dargestellten Ergebnisse 
nach dem Sinne, den sie im Hiublick auf die Theorie der atmospha- 
rischen Elektricitat haben, so diirfte ihre Eigentiimlichkeit wesent- 
lich in der 7iegativen Richtung zu suchen sein, indem sie solchen 
Vorstellungen keine Stiitze geben, die dem Sonnenlichte einen 
unmittelbaren, photoelektrischen, Einfluss auf die Luft zuschreiben 
mochten. 

Sicher festgestellt ist — ganz abgesehen von der Frage, wie 
weit die Angaben der benutzten Instrumente als Adsoiutwerie der- 
jenigen Grossen betrachtet werden diirfen, die zu messen sie 
bestimmt sind — die Verminderung der lonenbtweglichkeit inner halb 
des AfondschaiienSy durch die in mehr oder minder deutlicher 
Weise auch das Potentialgefalle der atmospharischen Elektricitat, 
die Elektricitatszerstreuung und die durch die Aspirationsmethode 
im Ccm Luft nachweisbare Zahl von lonen beeinflusst wurde. 
Diese Wirkung der Abnahme und des ganzlichen Wegfalls der 
Sonnenstrahlung auf die Beweglichkeit der lonen der Atmosphare 
war aber fast vorauszusehen und ist deshalb auch in unseren 
anfangs erwahnten ** Vorschlagen *' schon in Betracht gezogen 
worden. Sie erklait sich rein mechanisch aus der Vermehrung der 
Masse der lonen durch Anlagerung von Wasser bei sinkender 
Temperatur. Die Abblendung des Lichtes der Sonne durch den 
Mond ist dabei unwesentlich ; jede Abkuhlung der Luft, mit der 
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eine Steigerung der relativen Feuchtigkeit verbunden ist, vermag 
dieselbe Erscheinung herbeizufiihren. 

Allerdings darf man dabei nicht aus dem Auge lassen, dass die 
in Rede stehenden Beobachtungen sich allein auf die Nahe der 
Erdoberflache beziehen. Dass vielleicht in den hoheren und hoch- 
sten Schichten der Atmosphare specielle elektrische Wirkungen 
der Sonne vor sich gehen mogen, die wahrend der Bedeckung der 
Sonnenscheibe geandert oder aufgeboben werden, kann daher auf 
Grund unserer Beobachtungen nicht als unwahrscheinlich hinge- 
stellt werden ; nur ist ihr Einfluss am Brdboden mit unseren Hilfs- 
mitteln nicht nachweisbar gewesen.^ 

Eine weitere Beschrankung legt das ungiinstige Wetter des 
Pinstemistages auf. Besonders gilt das fiir die photometrischen 
Bestimmungen. 

Von grossem Interesse ist hier der unmittelbare Nachweis 
der schwacheren Strahlung des Sonnenrandes verglichen mit der 
Mitte. Die Untersuchung der Lichtkurve auf ihre Symmetrie zu 
gleichen Zeiten vor und nach der Totalitat, die bei giinstigem 
Himmel mit I<eichtigkeit durchfiihrbar gewesen ware, musste 
leider ganz ausfallen, ebenso wie die Aufsuchung einer etwaigen 
Beziehung zwischen den Ergebnissen der elektrischen und photo- 
metrischen Messungen. Von einigem Werte diirfte noch der bei 
dieser Gelegenheit wiederum erbrachte Nachweis von der Brauch- 
barkeit des photoelektrischen Effektes zur Messung von Licht- 
starken sein. 

Wir mochten diesen Bericht nicht abschliessen, ohne mit Dank 
aller derer zu gedenken, die dem Unternehmen forderlich gewesen 
sind, insbesondere dem Herzoglich Braunschweigischen Staats- 
ministerium, das uns aufs bereitwilligste Urlaub erteilte und dem 
Herrn C. Schrader in Palma, dessen Gastfreundschaft uns eine so 
geeignete Beobachtungsgelegenheit verschaffte. 

Wolfenbiittel und Wiirzburg, im November 1905. 

1 Man kann hierbei an das ebenfalls negative Ergebnis der Bemuhungen den- 
ken, einen Einfluss der Polarlichter auf den elektrischen Zustand der unteren atmo- 
spharischen Schichten zu erkennen. 
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MAGNETIC .OBSERVATIONS MADE IN EGYPT DURING THE TOTAI< 
ECLIPSE OF AUGUST 29/30, 1905.1 

By E. B. H. Wadb, M. A. 

The attention of the Director General of the Egyptian Survey Depart- 
ment (Capt. H. G. Lyons) having been drawn by Dr. Bauer to an inter- 
national scheme of S3mchronous magnetic observations to be made on 
the occasion of the total eclipse of the Sun of August, 1905, it was 
arranged by him that three parties should be equipped with absolute 
instruments of the Kew pattern for the purpose of co-operation. As 
there were only two such instruments belonging to the Department, 
a third was ordered specially from Messrs. Elliott's. 

The final choice of observers and stations was as follows : Near the 
southern limit of totality, Mr. MacPherson, at Gertasse, latitude 23® 41'' 
N, longitude 32° 54^ E of Greenwich; near the central line, the writer, 
assisted by Mr. Forte, at Aswan, latitude 24° 05^, longitude 32° 56^ E ; and 
near the northern limit, Mr. Freeman at the temple of Edfu^ latitude 
24"* 59' N, longitude 32° 53' E. 

Rehearsal camp was struck at Helwan on August 20th, and the first 
halt was made at Edfu, and instruments were set up in the temple, an 
ideal site for magnetic observations. A plumb-line was used as azimuth 
mark, and its azimuth was determined on the night of August 21st. 
After further rehearsals, a start was made for Aswan on the 23d, Mr. 
Freeman's party remaining at Edfu. 

The two other parties arrived at Aswan on the evening of the 23d, 
and Mr. MacPherson proceeded thence, next morning, to Gertasse. 
The site finally selected at Aswan was in a sheltered position on the 
desert to the east side of the Nile, and the azimuth mark used was a 
theodolite, whose meridional reading was afterwards determined by ob- 
servations of Polaris. Mr. MacPherson's site was in the gateway of the 
temple of Gertasse, and after choosing a suitable azimuth mark, he 
determined its azimuth by the Sun, assisted by Mr. Forte, who had 
accompanied him. Mr. Forte then rejoined the camp at Aswan. 

The programme, at all stations, comprised scale readings of the dec- 
lination collimator daily, at every minute from 10 *» to i6'> G. M. T. 
(civil), the series being preceded and followed by complete absolute sets. 
The same instructions applied to the three days preceding the total 
eclipse. Observations were made also earlier than the 26th, but it has 
not been found necessary to use them, those obtained between the 26th 
and the 30th providing ample material. 

I By the permission of the Director General of the Survey Department of Egypt. 
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The full record of over 3,000 readings, with means and deviations, 
can not be given here, but will appear in a report on the scientific 
work carried out by the Observatory in 1905. The reader must be con- 
tent with the diagrams at the end of this note. The first curve in each 
plate is the variation of the scale reading on the day of the eclipse; 
the second is the mean variation on the three days preceding; and the 
third is the difference of the first two. The absolute value of the read- 
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ing 49 is nearly, but not exactly, the same at the beginning and end of 
a day's work, or from day to day. No account is taken of this slight 
change, because it does not affect the value of the curves as differential 
records. For the information of the reader, however, the absolute val- 
ues are inscribed on the diagrams. To prevent the diagrams from being 
unwieldy, the results are not shown at everj^ minute as observed, but 
at every fifth minute. No additional information is obtained by plotting 
at every minute, and in particular the needles were absolutely at rest 
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throughout totality. An exception to this statement must be made in 
the case of the observations at Gertasse, where a distinct disturbance 
occurred at this time. Accordingly, a diagram is drawn on a more ex- 
tended scale for this station, showing the variations in the interval of 
ten minutes which contains the total phase. 



F/Sttfl 




\. fkzAtk of 6a^% |ir«cedin9 Ellipse 




The discussion of the figures is best postponed until those obtained 
at other stations are published. Meanwhile, we may say that, except 
at Gertasse, there is no disturbance associated with totality, though it 
is not so certain that the eclipse, taken as a whole, had no disturbing 
effect. 

In conclusion, the writer begs to thank Messrs. Freeman and Mac- 
Pherson for their hearty co-operation in a series of observations requir- 
ing considerable patience. 
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MAGNETIC SURVEY OF THE DUTCH EAST-INDIES. 

By W. van Bemmei^en. 

[Fourth Communication.] 

In 1905, circumstances did not permit occupying more than seven- 
teen stations, of which four had been previously visited in 1903 and 1904. 

Though the maintenance of a group of repeat-stations, regularly dis- 
tributed over the whole area, is prohibited by the enormous extension of 
the region involved, because of •* the availability of but one observer, 
there has been found opportunity,*' nevertheless, to revisit some of the 
stations. 

The unexpectedly low value of easterly declination found in Western 
Sumatra made it desirable to add to the net of stations some points be- 
tween the islands of Bodjo and Engano. Accordingly, I chose a point on 
the Pageh Islands and the islet of Mega, which is situated half way 
between South Pageh and Engano, but heavy surf prevented my land- 
ing on it. 

The values obtained in 1905 have been reduced by me to the dates of 
those of 1904 with the aid of the variations registered at Batavia-Buiten- 
zorg. Consequently, the resulting differences may be ascribed partly to 
errors of observation and partly to the difference of the secular varia- 
tion which has occurred respectively at the station and at Batavia. 

Difference of secular variation with Batavia : 



SUtion. 


Easterly Declination. 


Southerly Incli'n. 


Horizonul Intensity 


Padang (Sumatra) 


— 1.8 


— 13-4 


-h 0.00177 C. G. S. 


Benkulen 


— 0.5 


— 6.2 


-f- 0.00017 " 


Kroe 


. . . 


- 8.0 


(( 


Aduve (Engano) 


— 1.4 


•+ 8.3 


-f- 0.00004 " 



Hence, east declination has diminished at a lower rate than at Batavia, 
which, in view of the low values mentioned above, is contrary to my 
expectation. The inclination at the West Coast seems to have main- 
tained itself nearly steady, considering that at Batavia it has increased 
over 8' during that interval. The contrary fact seems to have been the 
case at Aduve (Engano). 

As the observations in 1904 have been controlled by those at the 
neighboring station, Kifajuto, and the recent observations in 1905 do 
not show any suspicious reading, there is no motive for ascribing this 
disagreement to instrumental errors or local disturbance. For the 
horizontal intensity, the abnormal, high difference obtained for Padang 
is inexplicable, as also, in this case, the required control is also had, as 
7 49 
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neither error of observation nOr local disturbance have interfered with 
the results, viz. : Firstly, by fepetition of observation on two days in 
1905 ; secondly, by the resulting magnetic moment of the oscillating 
magnet in 1904; and, thirdly, by the agreement of the values of declina- 
tion and inclination observed in 1904 and 1905. The instrumental dif- 
ferences have been determined in 1905, before and after the field work. 

Standard Instrument minus Field Instrument 

H. I. E. D. 

Before : -f 0.00014 C. G. S. — 0.6 

After: — 0.00008 " — r.2 



Average : -f 0.00003 C. G. S. — 0.9 

Two stations proved to be locally disturbed, viz : Kratiatan, where» 
indeed, I expected to meet magnetic basalts; and. Bar Island, an isolated 
small rock in the Southern China Sea. As this latter station filled up 
a large mesh of the net, the magnetic quality of the rock, which I did 
not expect, is to be regretted, indeed. 

The values tabulated below have been corrected only for the instru- 
mental differences mentioned above. 
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MAGNETIC SURVEY OF THE PACIFIC OCEAN— SECOND 

CRUISE. 

By L. a. Bauer. 

The yacht '* GaKlec," engaged in the magnetic survey of the Pacific 
Ocean under the auspices of the Carnegie Institution of Washington, 
left San Diego, California, on March 2d to enter on her second cruise. 
She is expected to make the following circuit of about 20,000 miles by 
the end of this year: San Diego, Fanning Island, Samoan Islands, Fiji 
Islands, Marshall Islands, Guam, Yokohama, Aleutian Islands, Sitka, and 
back again to San Diego.^ 

It was necessary to reorganize the scientific personnel, as the 
members of the staff of the first cruise belonging to the Coast and 
Geodetic Survey were obliged to return to their official duties at the 
expiration of their furloughs. The command of the vessel has accord- 
ingly now been entrusted to Mr. W. J. Peters, formerly of the astronom- 
ical and topographical corps of the United States Geological Survey. 
He has had considerable experience in difficult exploring work, was 
second in command and in charge of the scientific work of the recent 
Ziegler Polar Expedition as the representative of the National Geo- 
graphic Society. 

In connection with the latter expedition Mr. Peters obtained a valu- 
able series of magnetic, meteorological and tidal observations at Teplitz 
Bay, Franz Joseph Land. 

The other members of the present staff are : Mr. J. P. Ault, mag- 
netic observer (likewise a member of the former staff); Mr. J. C. Pearson, 
magnetic observer (formerly instructor of physics at Bowdoin College, 
Maine), and Dr. E. C. Martyn, surgeon and recorder. 

While the vessel was at San Diego some additional changes and 
improvements were made both in the ship and in the instruments 
employed. Sufficient funds have been allotted so as to permit carrying 
on the work continuously throughout the year. 

The first cruise covered the following route : San Francisco, Hawaiian 
Islands, Fanning Island, Magnetic Equator, Hawaiian Islands, San Diego. 
Already most interesting results have been obtained both with reference 
to the accuracy of the present magnetic charts and as to the accuracy 
with which the magnetic elements can be determined at sea. These 
results will be embodied in an early publication. Although the "Gal- 
ilee" is not entirely non-magnetic, she has smaller magnetic constants 
than any vessel (including the "Gauss" and the "Discovery") thus far 
engaged in magnetic work. 

1 While the Journal is passing^ through the press, a dispatch announces the safe 
arriral of the vessel at Panning Island on Marcm 31st, and the successful execution 
of the magnetic work on the cruise of 3,500 miles from San Diego to Fanning Island. 
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CHELTENHAM MAGNETIC OBSERVATORY REGISTRATION OF 
EFFECTS FROM ELECTRIC CARS OVER TWELVE MILES 
OR TWENTY lOLOMETERS DISTANT.^ 
By L. a. Bauer. 

First Communication.) 

A close inspection of the magnetograms obtained during the past 
year at the United States Coast and Geodetic Survey Magnetic Observa- 
tory situated at Cheltenham, Maryland, emplojnng the sensitive Eschcn- 
hagen-Edler variometers, has disclosed the interesting fact that magnetic 
eflfects are being photographically registered daily which are to be ascribed 
to certain electric car lines in the vicinity of the City of Washington. 

The Observatory is situated about 14 miles or 22% kilometers, in an 
air line, southeast from the United States Capitol at Washington, in a 
rural region, far removed from possible disturbing effects of industrial 
plants. The selection of the site of the Observatory was made only after 
a careful examination of the possible sites fulfilling the requirements of 
a principal or standard observatory for the purposes of the magnetic 
survey work of the United States Coast and Geodetic Survey. This 
particular locality offered, for various reasons, the least inducement for 
the penetration of electric car lines. Nor have electric car lines thus far 
entered this region. There is a possibility, however, that within another 
two years an electric car line may be constructed which will come within 
3 or 5 miles (5-8 kilometers) of the Observatory. 

At present the nearest one of the various suburban electric car lines 
of the City of Washington which might cause the disturbing effects 
noted above is 12 miles or 20 kilometers distant. 

One car line going southeast from Washington to]Anacostia and 
Congress Heights — in the direction of the Observatory — ^has its terminal 
point at present 12 miles or 20 kilometers distant; however, this line is 
a "double trolley" one all the way, i. e., one provided with double over- 
head wires, one for the direct current and the other for the return cur- 
rent, and hence the possibility of any disturbing effect from this line is 
to be excluded. 

So likewise, the Columbia electric car line, proceeding about east- 
ward from Washington to the boundary line of the District and coming 
within about the same distance as the one mentioned in the preceding 
paragraph, is also a double trolley one. In consequence, this line does 
not come into consideration. 

There is, however, another electric car line proceeding 16 miles (26 
kilometers) southward of Washington to Alexandria and Mt. Vernon. As 
Mt. Vernon is the burial place of George Washington, there is always con- 
siderable travel on this road. This line, with the exception of the stretch 

1 Informally presented at meeting of Philosophical Society of Washington, 
March 10, 1906. 
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of about 2 miles in Washington, is situated entirely in the State of 
Virginia, i. e., outside of the jurisdiction of laws of the District of Colum- 
bia pertaining to insulation of electric car lines, hence it is a •* single 
trolley*' line for almost the entire length, viz., direct current passing 
through an overiiead wire and return current passing supposedly 
through the rails. 

The nearest point of this latter electric road is 12 miles (20 kilome- 
ters) from the Observatory, and the farthest point 14 miles (23 kilome- 
ters), hence average distance about 13 miles (22 kilometers). From 
the sketch it will be seen that the Observatory is east of the car line, 
the Potomac River, of about \% miles (2 kilometers) in width, inter- 
vening. A shallow creek — ^the Piscataway — flows about 2 miles west of 
the Observatory, southwestward, and empties into the Potomac River, 
where it widens considerably, so that the nearest approach of -the river 
to the Observatory is about 9 miles (15 kilometers). It will also be 
noticed that there is a steam railroad within about a mile of the mag- 
netic observatory, the tracks of this road first paralleling those of the 
electric car line in Virginia, next passing through Washington and pro- 
ceeding northeastward to Baltimore, then branching ofif to the southward 
to Cheltenham. Were it at all possible to suppose that leakage currents 
from the said electric car line were transmitted along the rails of this 
railroad, vv4th more or less poor connections, then the current would be 
passing along the rails for about 45 to 50 miles, and after arriving at 
Cheltenham would have to affect the instruments over a clear ground 
space of over a mile. It would seem more probable that the connection 
must be sought in a more direct manner and that electric car eff*ects are 
being transmitted through water and earth a distance, on the average, 
as above stated, of about 13 miles or 22 kilometers. 

That the disturbances noted on the mag^etograms are to be referred 
to the effect of electric car lines, and in the main to the one in Virginia 
here under consideration, is proven as follows: 

Looking at the magnetic record of the element in which the disturb- 
ances are especially noticeable — the vertical intensity — it was noticed 
that the effects occur in general only in the interval during which the 
electric cars are running, viz., from 5^ i5« a. m. to about i y^ hours after 
midnight. The effects disappear almost entirely during the remainder 
of the twenty-four hours between the aforesaid times. It was found, fur- 
thermore, that the effects increased in accordance with the time of day for 
increased traffic, and in consequence, more frequent cars. Again, it . 
appeared that in general the effects began on Sunday mornings a notice- 
able interval later than on week-days. All of these facts correspond 
with the published time schedules of the Virginia electric car line. 

Next, upon examination, it was found the bonding of the rails is not 
particularly good on this road, and that there is in consequence consid- 
erable leakage of the return current. 
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The character and magnitude of the effect is as follows in the 
vertical force : 

It is noticed that in general at the starting of the cars, a little after 
5 a. m.. the magnetic curve, which had been proceeding smoothly during 
the night, receives a sudden upward displacement of about one-half 
gamma\ corresponding to an increase of the vertical intensity by about 
one hundred thousandth part. At the time of cessation of the car service, 
say about half-past one or two o'clock a. m., the curve drops suddenly by 
about the same amount as in the case of the rise. This is an average 
effect lasting throughout the disturbed period and to be attributed to 
the average current throughout the day. 

Next there are superposed on the normal magnetic curve a number 
of short periodic waves or fluctuations which give the curve a fuzzy 
appearance if the ordinary time rate of registration be employed, viz.: 
one houi^=2o mm. If, however, the more rapid rate is employed, so that 
the drum carrying the recording sheet is made to revolve once in 2 
hours instead of once in 24 hours, we have 5 minutes = 20 mm, or, 15 
seconds = i mm, then the fuzziness disappears and sharp curves are 
obtained, replete however, with a number of small waves of varying 
amplitude and period, the time from crest to crest averaging about 15 sec- 
onds,* reminding one somewhat of Eschenhagen's elementary waves of 
the Earth's magnetism discovered in 1896. At times the waves are more 
closely crowded together, and at other times, for brief intervals, are more 
or less reduced or disappear almost entirely. The vertical distance from 
trough to crest corresponds on the average to about 1-100,000 or 1-150,000 
of the vertical intensity, though frequently this amount is exceeded two 
and three times. These waves or ripples are taken to represent the 
effect of the variations in the leakage currents or in the variations of the 
differential current between feed wire and rail. 

When the effect has once been recognized, then it is possible to 
notice it in the curves obtained from less sensitive instruments. At this 
Observatory there are two distinct sets of magnetographs in continuous 
registration, namely, the Adie or old English type and the more modem 
Escbenhagen-Edler tjrpe. It is not possible to maintain a high sensitive- 
ness of the Adie vertical force instrument for any long period, so that 
this instrument has only about y^ ox % that successfully maintained 
with the latter t)rpe. Turning back to the early records of the Observ- 
atory, the electric car effect is distinctly noticeable, though it escaped 
the attention of the first observers for the reasons that in the first place, 
the effect is very small and secondly because in accordance with all pre- 
vious experience an electric car effect was not to be expected at a distance 
one- third again as great as that (15 kilometers) prescribed as a safe limit 
by the Potsdam Magnetic Observatory. 

1 A ^mma, generally denoted by y, is equal to 1-100,000 C. G. S. unit. 
'This corresponds to about the period of the vertical intensity instrument, the 
sensitiveness for the time concerned being about i mm = i v- 
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The horizontal intensity curve likewise discloses these disturbing 
eflfects but in less marked degree, as the relative sensitiveness is only 
about 1-4 or 1-5 that maintained for the vertical intensity curve. The 
curve giving the fluctuations in the magnetic declination is practically 
smooth throughout the day, except for the clearly distinguishable cosmic 
fluctuations. Whether this is because the instrument is not sufficiently 
sensitive (i mm ordinate = i minute of arc) can not be stated at present 

It is the intention now to make special investigations with special 
instruments mounted at various points and employing the necessary 
sensitiveness for all the components. 

Besides the eff*ects above described, there occurred some fluctuations 
in the portion of the night during which the curves present an almost 
smooth appearance which again resolve themselves into waves on the 
rapid registration rate, but are separated by entirely smooth stretches 
of >^ to >^ an hour. It was found that the latter effects are to be traced 
to the occasional freight cars of the Virginia electric car line hauling coal 
and dirt in the night or assisting in the repair ot the road during the 
cessation of the passenger traffic. 
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ABSTRACTS AND REVIEWS 



RECENT PAPERS IN ATMOSPHERIC ELECTRICITY. 

Abstracted by J. E. Burbank. 

Atmospheric Electricity in High Latitudes} 

Mr. Simpson carried out a very complete series of observations at Karas- 
jok, Lapland (69® if North, 25° 35'' East, 129 meters above sea level) during 
the period, September, 1903, to October, 1904. The observations consisted of 
potential gradient by a Benndorf self-registering electrometer, results being 
reduced to volts per meter; systematic observations of the dissipation by 
Elster and GeiteVs apparatus; ionization by Ebert's ioncounter ; measure- 
ment of the radioactive emanation in the atmosphere, and observations of the 
connection between the aurora and electrical condition of the atmosphere. 

Potential gradient had a maximum of -|- 209 volts per meter in I'ebruary 
and minimum -f 90 in June, remaining nearly constant until September. 
The diurnal variation changed with the seasons of the year, being greatest 
in winter and spring. The mean for the entire year gave a minimum of 84 
volts per meter, occurring about 4-5 A. M., and a maximum of 194 volts per 
meter about S-9 P. M., local mean time. The evening maximum came earlier 
in winter than in summer, thus following the Sun. 

The observations of dissipation and ionization gave an annual variation 
the reverse of that for potential gradient, with a minimum in February, and 
a maximum in August or September, and also showed that the dissipation 
depended upon wind strength. Plotting the curve of dissipation for different 
wind-strengths, he finds them practically parallel and similar to the ioniza- 
tion curve. The observations were not sufficient to establish good diurnal 
curves, but gave q a minimum at midday, and the ionization was slightly 
lower in the evening than in the morning or at midday. Comparison of the 
ionization and dispersion for any given wind-strength shows that the dissi- 
pation may be regarded as a linear function of the ionization. The ratio q 
falls as the wind rises. A marked decrease in both dissipation and ionization 
was found at low temperatures, the relation bein^ apparently linear. The 
ratio q was not affected by temperature change. Simpson attributes the 
annual variation of the ionization to the transparency and temperature of the 
atmosphere. 

The observations of radioactivity showed a maximum in midwinter and a 
minimum in midsummer, and a diurnal maximum in the early morning and 
minimum about midday. The radioactivity was much higher than was ex- 
pected, especially in \rinter. With falling barometer, it was invariably higher 
than with rising. The direction of the wind has a marked effect, the radio- 
activity giving a maximum with south wind and a minimum with north wind. 
The yearly means of the radioactivity, compared with Germany, are : For 
Karasjok, 60; Freiberg, 84; and Wolfenbiittel, 18.6. The mean winter value 
at Karasjok ia 126. The observations found by Gockel only once exceeded 
> Simpson, G. C, London, Phil. Trans. R. Soc., 1905. Series A. v. CCV. pp. 61-87. 
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170, while 200 was a frequent value in winter at Karasjok. Simpson con- 
cludes that "everything which tends to reduce atmospheric circulation, 
i, e.f to keep the air stagnant, tends also to increase the quantity of emanation 
in the lower layers of the atmosphere." 

No relation whatever was found between the aurora and the electrical 
conditon of the atmosphere. 

Observations of the Rate of Dissipation of Electric Charges in the 

Open Air} 

During the latter part of 1902 and the early months of 1903, Dr. C. C. Farr 
obtained some observations of the dissipation of electric charges on the 
Canterbury Plains of New Zealand, at a station about five miles west of the 
sea-coast, and about twenty feet above sea level. Elster and Geitel's Zerstreu- 
ungsapparat was used in the ordinary way, accompanied by potential observa- 
tions. Dr. Farr found that, in general, a negative charge was dispersed more 
rapidly than a positive. As a mean of several hundred observations on six 
ordinary days, between September i, 1902, and March 2, 1903, q was found 
equal 1. 16. On several occasions, very low values of q were observed; gener- 
ally, on such occasions, the potential became negative. Two days, February 
i8th and March i6lh, are mentioned, when a "northwester" was blowing; 
on these days the values of q reached a minimum of 0.4 and 0.12, respectively, 
and the potential reached a high negative value. The rate of dissipation of 
the positive charges became very great, and of the negative charges very 
small. This northwest wind blows over mountains 7,000 feet high, and Dr. 
Farr suggests that the denser negative field on these mountain peaks may 
rob the air of the positive ions. 

An Electrometer for Radioactive Investigations? 

This electrometer is designed to measure the rate of decay of radioactivity 
induced on a negatively- charged wire when exposed in the air. Dr. Gerdien 
calls attention to the desirability of making the air-volume and the electro- 
static capacity of the instrument as small as possible, and, since most of the 
radiations from such a charged wire consist of o rays, only sufficient volume 
is necessary to completely absorb these rays. The electrometer consists of a 
blackened brass case, having inside dimensions 10 cm. high, 10 cm. wide, and 
5 cm. deep. A strong brass frame on which the wire is wound just fits inside 
this case. Comparison with the Elster and Geitel apparatus seemed to show 
that 5 cms. was not sufficient depth. With this electrometer it is necessary 
to calibrate the scale each time with the wire in place, since the capacity is 
changed by the presence of the wire. The method of reading used by Dr. 
Gerdien is worth mentioning. Instead of observing the position of the 
leaves at fixed intervals of time, two points are selected on the scale, and the 
time observed during which the leaves fall from the upper to the lower 
point. This time is inversely proportional to the saturation current in the 
electrometer. By this method of reading, errors of calibration are avoided. 

* Farr, C. C. On some continuous observations of the rate of dissipation of elec- 
tric charges in the open air. Proc. R. See. Series A. v. LXXVI. pp. 152-160. 

8 Gerdien, H. Ein Elektrometer zur Untersuchung radioaktiver Induktionen. 
Physik. Zs., I^eipsig, 1905. v. VI, No. 14, pp. 433-436. 
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Vertical EleclrU Currents in the Atmosphere,^ 

In this paper Dr. Gerdien gives results of his observations of May 11, 1905, 
during a balloon ascension, where the altitude of 5.760 meters was reached. 
Start was made from Berlin at 8 : 34 A. M., landing at Tost, in Silesia, at 6 : 50 
P. M. ; wind, northwest 

The method of measuring the potental gradient was the same as that 
previously described.* The conductivity observations were made with a new 
instrument.^ In the neighborhood of cumulus clouds, marked variations were 
observed in both potential gradient and conductivity; another region of ir- 
regular values was found between 2,700 and 3,300 meters; otherwise, the 
potential gradually decreased to -h 2.9 volts per meter at 5,760 meters. 
The specific conductivity was small in cumulus layer, but increased above* 
This increase was not regular, but amounted to many times the value at the 
Earth's surface, at 3,200 meters X being equal 8.4 X 'o~^ and at 5,600 meters 
13.65 X 10—* electrostatic units. From the values of the potential gradient 
and the specific conductivity the values of the vertical electric currents were 
calculated. While the extreme values of the potential gradient and con- 
ductivity varied in course of the observations in ratios of i to 25 and i to 27, 
respectively, yet the vertical currents varied only in ratio of i to 4, the maxi- 
mum value being 0.9X lo~" ampere per square centimeter at an altitude of 3,200 
meters. While the specific velocity of the ions at 5,500 meters is twice that 
at the Earth's surface, the intensity of the electric field is so small that the 
actual velocity of migration of the ions is about o.i cm. second, or about one- 
tenth that at the surface of the Earth. 

New Apparatus for Electrical Conductivity oj the Air? 

This instrument is the outcome of Dr. Gerdien*s researches on the elec- 
trical conditions of the higher regions of the atmosphere by balloon ascen- 
sions. The theory of this instrument is given in this Journal, 1905, June, 
V. X, pp. 65-80. The essential features of the instrument are a tube, 16 cms. 
diameter and 56 cms. long, which forms the outer part of a cylindrical con- 
denser, and a small fan in the rear part of this tube, driven by a hand-gear 
wheel. The inner part of the cylindrical condenser is a closed tube, 24 cms. 
long, 1.4 cm. diameter, mounted in the leaf-holder of an aluminum leaf 
electroscope, which is supported below the outer tube. The ions in the air, 
drawn through this apparatus, neutralize the charge on the inner tube. 
The specific conductivity is X = e iy z/ where « is the ionic charge, iy the number 
of ions per cubic centimeter of opposite sign to the charge on inner tube and 
V the mean specific velocity of ions in centimeters per second in an electric field 
of one volt per centimeter. The method of observation is similar to that with 

"^ Gerdien, H. Messungen der Dichte des vertikalen elektrischen Leitungs- 
stromes in der freien Atmosphare bei der Ballonfahrt vom 11. V. 1905. Nachr. K. 
Ge». Wissensch. Gottingen, Math.-phys. Kl. 1905, No. 3. 

* Gerdien, H. Nachr. K. Gcs. Wissensch. Gottingen, Math.-phys. Kl. 1904, 
pp. 277-299. 

6 Gerdien, H. Nachr. K. Ges. Wissenschr. Gottingen, Math.-phys. Kl. 1905, 
No. 3. 

^ Gerdien, H. Ein neuer Apparat zur Messung der elektrischen Leitfahigkeit 
der Luft. Nachr. K. Ges. Wissensch. Gottingen, Math.-phys. Kl. 1905, No. 3. 
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Ebert*8 ionconnter ; the time, however, is much shorter, from three to five 
minutes being sufficient for an observation. Both theory and experiment 
show that the velocity of the air drawn through the tube can vary within 
wide limits Mrithout afifecting the value of the conductivity; hence, the 
instrument is independent of wind. With high velocities of the air through 
the tube, the ions come from a column of air of small radius, while with 
slower velocity of air the ions are drawn from a column of larger radius^ 
thus giving the same result in either case. 

[The reviewer had occasion to use one of these instruments at sea,^ and 
found it possible to obtain observations in a very dense fog and even dur- 
ing a shower, without any trouble from leakage.] 

Induced Thorium Activity at Gbttingen? 
These observations were made in April and May, 1905, at the Geophysical 
Institute of the University of Gottingen. A bare copper wire was joined to 
the negative pole of a Wimshurst influence machine, and a vacuum tube con- 
nected between the poles gave an approximately constant difference of poten- 
tial of about 6,000 volts. Six exposures were made, for each of which the 
decay of the excited radioactivity was slower than for that due to radium. 
In two of these cases, the wire was exposed for 18 and 24 hours, respectively, 
the observations being continued for 33 and 53 hours, respectively, after the 
end of exposure. The curve of decay for these two cases showed a fall of the 
induced radioactivity to one-half value in eleven hours, agreeing with induced 
activity from thorium emanation. 

Note.— Professors Elster and Geitel have since told the author that they 
have not observed induced radioactivity from thorium at Wolfenbiittel. 

Observations of Atmospheric Electricity at Palma^ Majorca^ during the 
Total Eclipse of August 30, tgo$. By J. Elster^ 
H. Geitel, and F, Harms}^ 
Because of the large number of parties going to Spain, the authors selected 
Palma, a town on Majorca, one of the Balearic Islands east of Spain, where 
there was reason to expect that good weather conditions would be encountered • 
However, the weather was not as good as was anticipated, for during the 
period, August 21st to 31st, only the 24th, 25th, 27th, and 28th could be called 
normal as regards atmospheric electricity. Cloudiness began on August 29th, 
and at 4 A. M. on the 30th a heavy shower occurred; at lo^ 2o>n A. M. there 
was light rain; from 11^3001 to one minute after totality, the Sun was free 
from clouds ; after this the cloudiness continued until about 4 P. M., when it 
partly cleared. On the 31st it rained in the morning, and was cloudy all day. 
The observations comprised : 

a. Potential vrith a quadrant electrometer arranged to register photo- 
graphically ; 

b. Dispersion with the Elster and Geitel dispersion apparatus ; 

c. Determination of number of ions per unit of volume of air, and the 
velocity of the ions with Ebert*s apparatus; 

8 Terr. Mag., 1905, Sept., v. X, pp. 126-130. 

•BURBANK, J. E. Induizerte Thoriumaktivitat in Gottingen. Phys. Zs., Leip- 
zig. 1905. 6 Jahrg., No. 14, pp. 436-438. 
^Sec current issue of this Journal. 
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d. Photometry of Sun's radiation by means of a photoelectric alkali-metal 
photometer. 

The instruments were set up on the grounds of Herr Schrader, German 
Consul at Palma, his house being on the city wall near the beach, and about 
30 meters above the sea. 

On the day of the eclipse, the potential was low until about 1 1 A. M. ; then 
it rose rapidly to a maximum of 70 volts at 12I1 ^S^, and fell to a minimum 
of 30 volts at ih 25 m shortly after totality. This was followed by a rise 
and a second lower minimum about 2^ 20i>^, coinciding with maximum 
cloudiness: a second maximum occurred about 4 P. M. The authors state that 
no definite conclusion can be drawn regarding the effect of the eclipse on the 
potential. 

The mean value of the dispersion co-efficients a + and a + from 66 ob- 
servations are: a +== 1.33 , a— = 1.48 , 

^-^ "^^- = 1.41 (at Wolfenbuttel, 1.33) 
2 

On the 30th, the values of a-|- and a— were smaller than on any other day. 
Shortly before totality, a + reached a minimum of 0.69^, the smallest value 
obtained while in Palma. No such strong change was shown by a — , yet 
from i*> 3o>nto5h 30 » the values were somewhat lower than would be ex- 
pected, according to the range of a normal day. The observations show an 
interesting similarity between curves for relative humidity and a + , but do 
not reveal any definite relation. 

To determine the number of ions per c. c, the latest type of Ebert aspira- 
tion apparatus was used. This had a vertical condenser tube, and was pro- 
vided with an auxiliary condenser, according to Mache's method, for the 
determination of velocity of ions. The mean of all the observations gave 
approximately the same number of each kind of ions, with the velocity of the 
negative somewhat greater than that of the positive. On the 30th, the num- 
ber of ions increased toward midday, reached a minimum during the eclipse, 
rose again, and finally fell to a lower minimum between 3 and 4 P. M. ; be- 
tween 5 and 6 P. M., it rose above the mean value. 

The velocity of the ions began with very low values in the morning (usual 
in rainy weather), increased rapidly with the temperature up to midday, fell 
to a low value after totality about 2 P. M., and toward evening reached a nor- 
mal value. At about 2'» P. M., when the mean velocity was about o.ii <iu., 
it is probable that the Ebert apparatus did not measure all the ions, as the 
ionic velocity must exceed 0.2 cm. sec. in order that they may not pass through 
the cylinder condenser vrithout being neutralized. 

The observations with the special photometer " were possible only to the 
instant of totality; clouds prevented any further measurements. 

A determination of the intensity of the Sun's radiation, at different alti- 
tudes, was made on the days preceding the eclipse. The observations obtained 
during the eclipse agreed Mrith values calculated by the aid of these observa- 
tions. 

"Elster, J., AND Gbitel, H. Wien. Ber., 1892, loi, iia, 703; Wied. Ann., 
1893. 4S. 353 ; Phys. Zs., 1904. 5, 238. 
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THE MAGNETIC SURVEY OF THE NORTH PACIFIC 

OCEAN: INSTRUMENTS, METHODS, AND 

PRELIMINARY RESULTS/ 

By L. a. Bauer, Director. 

Need of Oceanic Surveys. 

As is well known, the Carnegie Institution of Washington 
authorized its Department of Terrestrial Magnetism to undertake 
a magnetic survey of the North Pacific Ocean, and made a pro- 
visional allotment of $20,000 to cover the initial costs of its inau- 
guration and progress during the year 1905, in accordance with a 
plan submitted by Messrs. L. A. Bauer and G. W. Littlehales.* 
[The allotment for 1906 has been su£Sciently enlarged to permit 
the continuous and uninterrupted prosecution of the work, and 
ample assurance has been received of similar allotments, so that 
the systematic magnetic survey of the oceanic areas, not alone of 
the North Pacific Ocean, is now an assured fact.] 

A single quotation will suffice to show that there were good 
grounds for the undertaking of an oceanic magnetic survey, and 
for beginning first of all with the Ocean, so rapidly developing in 
commercial importance — the North Pacific Ocean. 

Professor Arthur Schuster states as his opinion: "I believe 
that no material progress of terrestrial magnetism is possible until 
the magnetic constants of the great ocean basins, especially the 
Pacific, have been determined more accurately than they are at 

iSommary of two addresses before the Philosophical Society of Washington, 
(October, 190S, and April, 1906), and before the American Physical Society (in Octo- 
ber, 190s), with additions to date. 

«See Terr. Mag., Vol. IX, p. 163. 
I 65 
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present. There is reason to believe that these constants may be 
affected by considerable systematic errors. It is possible that 
these errors have crept in by pa3ring too much attention to 
measurements made on islands and along the sea coast. What is 
wanted are more numerous and more accurate observations on the 
sea itself." 

When it is recalled that the oceanic areas embrace nearly three- 
fourths of the entire surface of the Earth, it is easily understood 
how preponderating the effect of lack of accurate data over this 
portion of the globe may be upon the settlement of the greater 
problems pertaining to the Earth's magnetism. 

To illustrate: it may be recalled that I made a carefully 
guarded announcement about three years ago that the Earth was 
seemingly losing its magnetic energy.' This conclusion resulted 
from careful calculations based upon the best magnetic maps avail- 
able to date. It may further be recalled that later I repeated my 
computations of the Earth's magnetic moment or intensity of 
magnetization, this time dependent upon actually observed quanti- 
ties on islands and continents, distributed as uniformly over the 
globe as the distribution of land would permit, and I found that 
from 1890 to 1900 there apparently had occurred a shrinkage of 
the Earth's magnetic moment at about the same rate per year, as 
had been deduced from the magnetic charts between 1840 and 

1885, viz., about part annually. This rate of shrinkage is 

so large that were it to continue in the same proportion year after 
year, the Earth would lose half of its present amount of magnet- 
ism in 1660 years.* 

As stated, this result has been arrived at in two totally different 
ways, and based each time upon entirely dependent data, and, as 
far as I know, the methods employed have not been questioned. 
Yet, the deduction is such a startling one, and, if it be true, will 
have such an important bearing on problems of terrestrial physics, 
that it behooves us to be cautious until we can once more verify 
the matter with the aid ot fresh data over the seas as well as on 
land. 

Another interesting outcome of my analysis of the Earth's 

^Terr, Mag., Vol. VIII, 1903, pp. 97-108. 

* Terr. Mag., Vol. IX, 1904, pp. 182-186. 

' This, of coarse, does not imply that in another 1660 years the Barth will have 
lost all of its magnetism, but merely that in 3,300 years the amount of magnetism 
would be one- fourth that at the present time, etc. 
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permanent magnetic field — one that was certainly not looked for — 
was that our knowledge of the distribution of the Earth's magnet- 
ism wai as well known for the epoch 1840-45 as for the later 
epoch 1885, perhaps even better known, in spite of the fact that 
magnetic surveys had multiplied, and had been zealously prose- 
cuted by various countries since the earlier epoch.* However, these 
additional surveys applied chiefly to land areas, and not until the 
recent Antarctic expeditions were observations forthcoming from 
Southern Oceans. It was necessary, therefore, in the construction 
of the magnetic charts for 1885 to use a great deal of the same 
material as was used by Sabine in his charts for 1840-45, and to 
refer it to 1885, with the aid of more or less conjectural rates of 
secular change. 

This conclusion emphasized forcibly the uselessness of attempt- 
ing a re-determination of the magnetic constants of the Earth 
with the aid of the data at present available, and I have been 
informed that an attempt in that direction which had been begun 
by an eminent foreign magnetician has been abandoned since the 
announcement of this conclusion. 

Again, an exhaustive examination of all magnetic data pos- 
sessed up to date, seemed to point to the existence of a system of 
vertical Earth-air electric currents passing from the air into the 
Earth and vice versa, these currents being associated apparently 
with the general circulation of the air, so that over the region of 
the Earth where we have in general upward air currents, as in the 
equatorial regions, we have an upward flow of positive electricity, 
and where the air currents proceed in general downward, we have 
a downward stream of positive electricity.^ 

This is the deduction from the magnetic data. Students of 
atmospheric electricity, however, have diflSculty in harmonizing 
the strength of the current deduced with the known electric facts 
of the atmosphere ; though I have been informed by certain inves- 
tigators that the phenomena of radioactivity and other recently 
observed phenomena may possibly help in supplying the con- 
necting link. Be that as it may, the settlement of this question 
was considered important enough to form the subject of a special 
resolution at the meeting of the International Association of 
Academic held in London, May, 1904. 

The proposition submitted to the Association by the Berlin 

«7Vrr. Mag,, Vol. VIII, p. 127. 
' See Terr. Mag,, Vol. IX, p. 127. 
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Academy, as the result of a paper by the eminent investigators 
von Bezold and Schmidt, called for a magnetic survey along a line, 
or rather a small strip around the entire globe, near the parallel 
50° North. If the line integral of the magnetic force taken 
along this closed circuit be found equal to zero, the proof of the 
non-existence of the electric currents above referred to will be 
proven, at least for that part of the Earth. If, on the other hand, 
the line integral be found to have had an appreciable value, then 
conclusions will result regarding the existence and direction of 
the currents. 

Since such a line integral must, to a great extent, traverse 
oceanic areas, it was decided by the Association to appoint a Com- 
mittee which should first consider the question as to the reliability 
of the determination of the magnetic elements at sea. Though I 
am a member of this Committee, I am not aware that anything 
has as yet been done by it. This paper, however, may be regarded 
as a first contribution to the settlement of the question as to the 
accuracy of magnetic data acquired at sea. 

These prefatory remarks will serve to present briefly the present 
status of some of the greater problems of the Earth's magnetism. 
Their final solution will not be had until the completion of an ac- 
curate magnetic survey of the oceans as well as of the land. How- 
ever great this task of the General Magnetic Survey of the Earth 
may appear, I have now had suflBcient experience to know that 
with good system and management, and ample funds, the work 
can be completed in a period of about fifteen years — the time 
being primarily dependent upon the resources at disposal. [Dur- 
ing the present year, the writer will resign his oflBicial duties in 
connection with the Magnetic Survey of the United States, now 
over two-thirds completed, in order to devote his entire energies 
to the directing of this greater task.] 

We owe it to the enlightened interest of the administrators of 
the Carnegie funds that already sufficient encouragement has 
been given to warrant its becoming generally known that the 
magnetic survey of the oceanic areas has at last been seriously 
undertaken by an organization in which confidence can be placed. 

It is also gratifying that in addition to the co-operation of the 
Carnegie Institution in this great enterprise, assurance has been 
received of the co-operation and good will of the existing for- 
eign organizations engaged in magnetic work. A resolution to 
this effect was likewise passed at the meeting held last Septem- 
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ber at Innsbruck, Austria, of the International Committee on 
Terrestrial Magnetism and Atmospheric Electricity, composed 
chiefly of directors of meteorological and magnetic institutions. 

I have said nothing regarding the practical and economical 
importance of the magnetic survey of the North Pacific Ocean, 
e. g., as applying to the needs of the mariner. SuflSce it to say 
that no one until now has been able to tell precisely how closely 
the prevailing magnetic charts could be relied upon. 

Thus. Captain Creak, for many years Superintendent of the 
Compass Department of the British Admiralty, now retired, said 
some years ago : " The North Pacific Ocean is, with the exception 
to the voyage of the Challenger, nearly a blank as regards mag- 
netic observations.'* 

My address will, in some measure, answer this question, and 
it will be seen that the outcome of this survey has likewise a real 
economic value. 

Previous Oceanic Magnetic Surveys. 

Before passing to the present ocean magnetic survey let us 
briefly refer to previous work. 

The first attempt at an oceanic magnetic survey was made by 
the noted astronomer, Edmund Halley, between 1697 and 1701. 
He was put in command of a sailing vessel, the Paramour Pink, 
on which he made several voyages in the North and South At- 
lantic Ocean, penetrating to the 52** of south latitude. Only the 
magnetic declination was determined, since at that time instru- 
ments for measuring dip and intensity at sea had not been invented. 
He embodied the results of these observations on a chart of the 
** Lines of Equal Magnetic Variation,** which method of portray- 
ing the distribution of the magnetic elements he first successfully 
introduced. 

Passing over various succeeding expeditions, we come to the 
most serious and first really important undertakings for magnetic 
science in general, viz., those of the Erebus, the Terror and 
the Pagoda of 1840-45, chiefly in the Southern Oceans. Here 
we have the first elaborate attempt at the determination of the 
three magnetic elements at sea, the Pox dip circle for measuring 
dip and intensity at sea having just been invented. This work 
was under the direction of Sabine, who has done so much for the 
advancement of magnetic science, and was most carefully exe- 
cuted. Not only was it ably directed, but the commanding oflScers 
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of the vessels, one of whom, for example, was Captain Ross, the 
discoverer of the North Magnetic Pole, were most zealous and 
painstaking. The attempt was made to secure full series of ob- 
servations daily, and these were secured at times under great 
physical diflSculties, as, for instance, in the Antarctic regions. 
The ships were repeatedly "swung," and every attempt was 
made to determine accurately the deviation constants. 

It will be of interest to point out in this connection that it was 
not alone the invention of an instrument for measuring the dip 
and intensity at sea that made this memorable and remarkable 
work possible, but also the elaboration of the mathematical theory 
of the deviations arising from 4he unavoidable iron on board a 
vessel, published by Poisson a year before the inception of the 
survey in 1839. Working with Poisson's formulae, Archibald 
Smith, at Sabine's request, put the determination of the various 
necessary corrections in a practical form, so that they could be 
successfully applied. 

We can only mention the expedition of the Austrian frigate 
Novara, which secured a valuable series of declination data 
while circumnavigating the globe in 1 857-1 860. 

Next were the two notable expeditions of the Challenger ^ 
1872-76, and the Gazelle, a German vessel, 1874-76. Both of 
these measured the three magnetic elements over various regions 
of the globe. 

Mention must also be made of important work done by the 
French Navy, e. g., that of the Dubourdieu, in 1896, and of 
other vessels and the work of the recent Antarctic expeditions. 

The work of the Coast and Geodetic Survey vessels also de- 
serves brief notice, for it was the successful inauguration of the 
magnetic work on these vessels, in 1903, which gave me the 
experience required for the undertaking of the Carnegie Institu- 
sion oceanic work. Since 1903, the said vessels have utilized 
every opportunity in passing from port to port, while engaged on 
their regular surveying duties, to determine the three magnetic ele- 
ments. These valuable series of observations have been obtained 
along the Atlantic and Pacific Coasts and in the Gulf of Mexico. 

Prbsbnt Ocban Magnetic Survey. 
The Vessel Galilee, 
After considerable advertising on the part of the Consulting 
Hydrographer of the Department, Mr. G. W. Littlehales, during 
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Pio. I. Showing the routes traTened by variout vesteU which have secured magnetic data The cruises of the GatiUe 
up to May, 1906, are shown by full lines. 
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my absence in Europe early in 1905, the brig Galilee was selected 
as the best vessel on the Pacific Coast available for the proposed 
work. The subsequent experience has shown that the choice was 
a good one. The Galilee is a wooden sailing vessel, built in 1891, 
at Benicia, California, by Mathew Turner, an experienced ship 
builder, from whom the vessel is chartered, with sailing master and 
crew of ten men. Her length is 132.4 feet; breadth, 33.4 feet; 
depth, 12.6 feet, and she has a displacement of about 600 tons. 
She is one of the fastest sailing vessels of her size in the Pacific 
Ocean, her greatest record being 308 knots in twenty-four hours, 
with full cargo. The principal changes required were the substi- 
tution of the steel rigging by hemp rigging ; the removal, as far as 
practicable, of the iron parts in the vicinity of place of observa- 
tion; the construction of an entirely non-magnetic flying or ob- 
serving bridge, running fore and aft between the two masts and 
elevated above the deck so that the instruments would be at a 
height of fifteen feet above the deck and twenty-five feet or more 
from the principal bolts in the sides of the vessel, and the building 
of the living quarters for the scientific personnel. While, then, 
this vessel was not entirely non-magnetic, not having been espe- 
cially built for the purpose, the effect of the remaining iron, as will 
be seen later, was so slight as to produce, at the places of observa- 
tions, the smallest deviation co-efficients of any vessel thus far 
engaged in magnetic work, including the two recent Antarctic 
ships, the Gauss and the Discovery, both partly designed especially 
for magnetic work. After a first trial cruise, a few modifications 
were made, and at the end of the first cruise, last December, some 
additional changes were undertaken which have resulted in further 
improvement. 

On page 144, Vol. X, of this Journal, is given a cut showing 
the condition of the vessel on her first cruise. See also Plate I, 
March issue of current volume. The illustration (Fig. 2) opposite 
represents the condition of the vessel on the present or second 
cruise, the principal alterations over last year consisting in the 
extension of the observing bridge and the removal of the galley to 
forward of the foremast. 

Cruises and Personnel. 

The first cruise consisted of an experimental trip from San Fran- 
cisco to San Diego, Cal., during which various instruments and 
methods were subjected to trial under my direction. I having ac- 
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companied the expedition as far as San Diego. Magnetic observa- 
tions were made at various places on the shores around San Fran- 
cisco Bay, and the most suitable place for swinging ship by their 
means was determined. The ship was swung with the aid of a tug on 
August 2d, 3d, and 4th, in San Francisco Bay, between Goat Island 
and Berkeley, California, and the various deviation coe£Scients were 
determined. On August 5th the GcUilee sailed from San Francisco, 
secured magnetic observations daily to a greater or less extent, 
according to conditions of the weather and sea, swung twice under 
sail, and arrived at San Diego August 1 2th. After some further alter- 
ations bad been made here, the magnetic elements observed at four 




Pio. 3. The Galilee at San Diego, California, on February 22, 1906, dressed 
in honor of Washington's birthday. 

shore stations, and the ship deviations again determined from two 
days' swings, the vessel set sail on Septemeer ist for a cruise which 
embraced the Hawaiian Islands, Fanning Island, Magnetic Equator, 
back again in a circuit to the west, between the Hawaiian Islands 
and Midway Island, returning to Honolulu, and starting once 
more from there, proceeding somewhat to the northward of lati- 
tude 40** N., and returning to San Diego, December 9th. During 
this period of three and one-third months, two complete circuits, 
each of considerable area, were made, the combined length of the 
two being somewhat over 10,000 nautical miles. The expedition 
was in the command of Mr. J. F. Pratt, an experienced oflScer of 
the Coast and Geodetic Survey, who also supervised the altera- 
tions of the vessel, as stated above. He was assisted by Dr. J. H. 
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Egbert, surgeon and magnetic observer. Mr. J. P. Ault, magnetic 
observer, and Mr. P. C. Whitney, watch oflScer and magnetic 
observer. The entire work of 1905 is referred to as ''First 
Cruiser (See Fig. i.) 

Upon the return of the vessel the necessary harbor swings and 
control shore observations were carried out December nth to 18th, 
before any of the subsequent alterations were made on the ship and 
on the instruments. During this period I was obliged to make an- 
other trip to the Pacific Coast, in order to settle the various matters 
relating to the continuation of the work and the proposed alter- 
ations. The scientific personnel had to be reorganized, as the 
former members, with the exception of Mr. Ault, who was in the 
permanent employ of the Carnegie Institution, were obliged to 
return to their oflScial duties in the United States Coast and Geo- 
detic Survey at the expiration of their furloughs, during which 
they had entered the temporary employ of the Carnegie Institu- 
tion. Mr. W. J. Peters, who has had charge of scientific exploring 
parties of the United States Geological Survey in Alaska, and had 
been second in command and in charge of the scientific work of 
the recent Ziegler Polar Expedition, was intrusted with the com- 
mand of the Galilee, To him were assigned as assistants Mr. J. 
P. Ault, Mr. J. C. Pearson (formerly instructor in physics at 
Bowdoin College, Maine), and Dr. E. C. Mart)m, surgeon and 
recorder. Mr. Peters took command of the party in January, 
1906, and upon the completion of the ship's alterations, shore 
magnetic observations, and various ship swings, set sail from 
San Diego on March 2d last for Panning Island, where he ar- 
rived March 31st. Leaving there he proceeded to Apia. Samoan 
Islands, arriving on May 2d. Upon the completion of the com- 
parisons of the instruments at the Samoan Magnetic Observa- 
tory, and various ship swings, he next set his course for the Fiji 
Islands, reaching there on May 17th, and is now on his way to 
Yokohama via Marshall Islands and Guam. From Yokohama he 
will proceed to Kiska, Aleutian Islands, then possibly to Sitka, if 
the season for good work be not too far advanced, and then return 
to San Diego, Cal. San Diego, on account of its equable climate 
the entire year, was chosen in preference to San Francisco, as a 
convenient base station or home park for the various cruises. The 
entire cruise of 1906. which will be known as the ''second cruise^ 
will embrace about 20,000 nautical miles; the vessel is expected 
back at San Diego towards end of year. (See Fig. 2.) 
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Instrumbnts and Mbthods. 

The general principle followed is to secure complete control 
of each instrumental constant in every available manner, and to 
obtain independent checks upon the observed values of the mag- 
netic elements by securing simultaneously two independent deter- 
minations of each element, as far as possible, under different 
conditions ; i. e., different observers, different instruments, and at 
different stations on the observing bridge, so that the ship correction 
will be either of varying amount or even of different sign. Be- 
sides the special harbor swings, with both helms made on differ- 
ent days, when a tug is available for swinging ship, swings at sea, 
under sail, are prescribed at as frequent intervals as conditions of 
sea and weather will permit. Under sail, usually one and sometimes 
two out of eight equi-distant points will be missed. In order to 
make swings possible with a sailing vessel in calm weather, the 
Galilee has been equipped on her second cruise with a naphtha 
launch swung at the stem davits when not in use. With the aid of 
this the ship is pulled around or drawn along, if need be, in calm 
weather, in order to make progress. This has been tried with 
some success in the calm weather encountered on part of the recent 
cruise from San Diego to Fanning Island. 

At other times the magnetic observations are made on the 
ship's course, the endeavor being to distribute the observations 
over varying courses as far as possible. In other words, the at- 
tempt is to vary the magnitude and sign of the deviation correc- 
tions between successive swings as much as possible for the 
conditions encountered. 

Upon arrival at a port, besides harbor swings, shore observations 
are made, both with the set of absolute land magnetic instruments 
(Cooke magnetometer and Dover dip circle — an earth inductor 
ordered was not available for this cruise) and with the ship mag- 
netic instruments, consisting of an L. C. dip circle. Standard 
Ritchie liquid compass, and L. B. deflector, described below. 
And wherever there is a magnetic observatory, e. g., at Honolulu, 
Samoa, Tokio, and Sitka, all instruments are compared with the 
observatory standards. Thus suflScient opportunities are afforded 
for the required control of the instrumental constants. 

The magnetic declination on board ship is determined chiefly 
with a Standard 8-inch Ritchie United States Navy liquid compass 
and azimuth circle of latest pattern, and some secondary results 
are likewise secured with a second Ritchie liquid compass, pro- 
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vided with a Negus azimuth circle, and also with a Kelvin dry 
compass and azimuth attachment. Practically every modem 
azimuth device has been given a trial, and none has been found 
equal to the essentials of all the varied conditions encountered. 
In general, the simplest devices are found to be the best. With a 
bright sun and in fairly calm weather, good results can be ob- 
tained by a careful observer with either of the best azimuth 
circles at present in use. The observers on the Galilee were 
found, in general, for the varied conditions encountered, to give 
preference to the Ritchie azimuth circle noted above, this having 
both a prism reflection device for fairly bright sun, as also a 
direct vision method. There is apparently considerable room here 
for improvement, for it frequently happens that under conditions 
which would still permit securing good azimuth observations on 
land, none can be made at sea, because of the Sun being either too 
high or too faint to admit of obtaining good results with the avail- 
able azimuth devices. It is hoped to construct an instrument for 
use in the next cruise which will overcome this difficulty. 

The difficulties of always securing azimuth observations at 
sea is further increased by the meteorological conditions frequently 
encountered on the Pacific, viz., clouds and fog. For example, on 
the cruise from San Francisco to San Diego last summer, we went 
out to sea 150 miles to get beyond the fog prevailing on the 
Coast at that time of the year, and not until the fourth day out 
did we secure azimuth observations, and, hence, declination results. 
In facty the problem of securing the magnetic bearings of celestial 
4>bjectSy and hence results for magnetic declinatunty is the most serious 
one encountered in the steady progress of the magnetic survey of the 
North Pacific Ocean. In time of cloud or fog, results for magnetic 
dip and intensity can be obtained, but none for magnetic declina- 
tion. If, for example, the Galilee does not leave Yokohama in time 
to complete the northern part of her present circuit during July, 
August, and September, she may have but very few opportunities 
to secure declinations on the return portion of her cruise. She 
may encounter on this entire portion weather that would ordi- 
narily be characterized as fine navigation weather, admitting the 
securing of sufficient sextant observations for the navigating of 
the vessel, but she may yet fail to obtain satisfactory magnetic 
declination results and in sufficient number chiefly on account of 
the instrumental difficulties above mentioned. 

Practically every difficulty for securing magnetic results at 
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sea, with the desired degree of accuracy, has been surmounted, 
as will be seen from the specimen results shown later, with the 
exception of this particular one — how to secure magnetic declina- 
tions when no celestial object is visible with the aid of which a 
true azimuth can be determined. On land, the magnetic meridian 
can be referred to some fixed object, the azimuth of which may be 
determined at leisure and when the skies permit. At sea, in 
cloudy weather, no such fixed object is to be had. Tests are to 
be made as to how far a device similar to the Anschiitz gyroscope 
will solve this problem. 

The dip or inclinaiion and total intensity are determined with 
the well known Lloyd-Creak dip circle. During the present cruise 
the original instrument has been improved so as to admit of not 
only securing deflection observations over the entire Pacific 
Ocean, but likewise at two distances. For the deflection distance 
provided in the original instrument, deflections failed on the first 
cruise before reaching Honolulu ; i. e., when a dip of about 40*^ 
was reached. (See Figure i.) Each of the two opefations for 
total intensity (deflections and loaded dip observations) are treated 
separately in the reductions and the constants independently deter- 
mined. Each deflection observation, long distance and short 
distance, gives, moreover, a dip determination, and in addition 
regular dip observations are made with the two ifeedles provided 
for this purpose. In 1905 the agreement between the dip ob- 
tained from the said deflection observations and as derived with 
the regular dip needles, was not always satisfactory. Upon inves- 
tigation it was found that this was entirely due to the lateral play 
of the suspended intensity needle, No. 3, in the jewels : namely, 
in these L. C. dip circles, the maker does not always get the pivots 
of the various needles provided of precisely the same length, 
hence, in order not to have the jewels so close as to bind on the 
pivots of any one needle, they are put far enough apart to pre- 
vent this. It thus happens that for the needle with the shortest 
pivots, which, in the present case, happened to be intensity needle 
No. 3, some lateral play resulted. When rubbing the brass point 
with the ivory scraper, or owing to the motion of the ship the 
suspended needle may move closer or farther away from the fixed 
deflecting needle (No. 4), by a fraction of a millimeter — suflBcient 
to produce an appreciable error in the observations. It only 
required a change in the deflecting distance from 7.3 cms. to 7.9 
cms., to make the instrument and method available over the 
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entire Pacific Ocean instead of for the limited area noted above. 
The jewels are adjusted so as to fit needle No. 3 and other needles 
substituted for those that were found to bind for this position of 
the jewels. This instrument has proven in our hands, as well as 
on the Coast and Geodetic Survey vessels, a satisfactory instru- 
ment, contrary to the experience of the observer of the German 
Antarctic Expedition. With the further improvements as noted 
above, it appears to be well adapted for its purpose. Especial 




Pio. 3. The L. C. dip circle, mounted on gimbal stand, at used on board the Galilee, 
showing^ the modificatious mentioned above. 

attention has also been paid to the accurate balancing and leveling 
of the instrument, with the aid of an adjustable counterpoise, 
when mounted on board ship on the gimbal stand. [For certain 
shore work, I have also had added a compass attachment and an 
astronomical telescope so as to make it a universal instrument — 
a theodolite, dip circle and magnetometer combined. See Fig. 3.] 
In addition to obtaining the horizontal intensity by means of 
dip and total intensity measurements with the L. C. dip circle, 
a simple deflection apparatus has been devised for observing the 
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horizontal intensity direct which has been in successful use since 
the beginning of the work. For one reason or another, previous 
appliances for measuring the horizontal intensity at sea had not 
proven entirely satisfactory. Briefly described, the present device 
consists of a sine deflection method, the deflecting magnet, instead 
of being mounted in the same horizontal plane with the deflected 
magnet, and off" to one side, e. g., to the east or to the west, as in 
most forms of field magnetometers, is mounted vertically above 
the center of the deflected magnet system, which, in the present 
instance, consists of an ordinary 8-inch Ritchie-Negus liquid 
compass. A bridge, with a disk on top for carrying the deflecting 
magnet, was attached at right angles to the sight line or sight 
bows of the latest form of Negus azimuth circle, provided with 
the said liquid compass. These sight bows, consisting of two 
stout parallel brass wires bent into bows, as shown in Pig. 4, and 
somewhat over a millimeter apart, define the sight plane passing 
between them and a brass pointer, with the aid of which the 
compass is read, or any point thereof set upon ; they take the place 
of the telescope in the field magnetometer. To make a setting 
with the deflecting magnet mounted on the disk, turn the azi- 
muth circle, carrying the deflector and sight bows,. until the brass 
pointer is over the south end of the compass card, then, since the 
magnet, by construction, is mounted at right angles to the sight 
line or bows, and as the latter were set directly over or parallel 
to the north and south diameter of the compass (assumed for 
the present to define the magnetic axis of the compass card), it 
follows' that in the position of equilibrium between magnet and 
card, the magnetic axes of the two are at right angles to each 
other, and hence the condition of the simple sine deflection 
method secured. Both lubber lines, marked on the inside of 
the compass bowl, are then directly read on the compass card 
to the nearest tenth of a degree, holding the eye so as to avoid 
parallax. Thus one of four operations required to complete a 
set is made. Let us say, in operation a, the north end of 
magnet was towards the east, and the setting of the brass 
pointer, with the aid of the bows, was made on the south point 
of the compass card; then, in b, the azimuth circle would be 
turned so as to make a setting on the north point of the com- 
pass card, the north end of the magnet now being to the west ; 
next, c, turn magnet around on its support, so that north end will 
be east, setting, however, again on north point of compass, and 
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finally d, turn azimuth circle, set pointer on south point of com- 
pass, north end of magnet being now west. In brief, practically 
the same four deflection positions usual in land magnetometers 
are carried out with this apparatus at sea. Thus the difference 
in the lubber line readings for operations a and b, or c and d^ or 
b and c, or a and d, gives twice the angle by which the compass 
card is deflected from the magnetic meridian due to the presence 
of the deflecting magnet overhead, and the mean of any two of 
readings mentioned gives the magnet meridian, barring errors of 
eccentricity of mounting and of magnetic axes. The mean deflec- 
tion angle, or the mean magnetic meridian reading, will be free of 
errors, due to the latter causes. As a matter of fact, the mag- 
netic meridian reading of the card is also read before the deflec- 
ing magnet is mounted, and again after removal. For each of 
the operations noted above, the temperature of the magnet is read, 
as well as the time noted for each reading. 





PIO. 40. 



I,. B. deflector mounted on Ritchie- 
Negus liquid compass. 



Pio. 4 b. Showing how observations for hori- 
zontal intensity are made with the 
L. B. deflector. 
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This is, in principle, the device. Crude as it may appear to the 
experienced magnetician accustomed to refined land methods, it is 
capable of yielding a most satisfactory degree of accuracy even for 
shore work. The liquid of the compass acts as a beautiful damp- 
ing device, enabling settings to be made with great rapidity and 
ease, five to ten minutes suflBcing to give a fair value of H, 
The form of mounting adopted not only preserves a suflBcient con- 
stancy in the distance between the centers of the card and magnet, 
but also avoids the troublesome rocking of the deflected, magnet 
during the ship's motions, as occurs in that style of ship magnet- 
ometer where the deflecting magnet is mounted ofif to one side. 

The deflecting magnet is mounted for the present in a para£Sned 
wooden block, to the bottom of which is a disk, with lugs which 
fit in holes in the disk on top of the bridge or supports, so as to 
admit of putting block with magnet in an invariable position, direct 
or reversed. A thermometer is inserted in a hole in this block 
(see Fig. 4). It will be observed that the magnet, when placed in- 
side the block, need thereafter not be touched during a complete 
set, the entire block, with magnet inside, being reversed. 

The method here employed not being an absolute one, since it 
is dependent upon a knowledge of the magnetic moment of the 
deflecting magnet and its variation with time, various styles of 
magnets have been employed, as well as two deflecting distances 
have been provided, a separate block for each magnet having been 
constructed. At first, four magnets were used: a hollow, cylin- 
drical magnet, made by Tesdorpf as an auxiliary magnet for one of 
his field magnetometers, this magnet being designated No. 45; 
next, a long tube as well as a short tube magnet, each consisting of 
a bundle of magnetized wires, such as are used in liquid compasses ; 
and, finally, intensity needle No. 4, used with the L. C. dip circle. 

My purpose in utilizing the latter needle was because its mag- 
netic moment can be completely controlled by the loaded dips and 
deflection observations with the L. C. dip circle, so that combina- 
tion observations of dip circle and deflector would practically 
amount to an absolute method. Extensive experiments were made 
with these four magnets at Washington and at the Cheltenham 
Magnetic Observatory in the Spring of 1905, and repeated on Goat 
Island, San Francisco, in July, 1905, after the instrument had been 
transported across the continent. 

The results were so satisfactory that the ship observations 
could be restricted to magnet 45 and the long tube magnet (NL). 
3 
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It was deemed best not to use intensity needle 4, in spite of the 
obvious advantage noted, because the dip circle needles should not 
be handled any more frequently than necessary, to guard against 
injury to the exceedingly delicate pivots and against the danger of 
vitiating a whole series of observations. 

At every port corresponding observations are made, ashore, 
with this deflector and the standard field magnetometer, and thus 
a combined intensity constant determined at various temperatures, 
this constant being a function of the magnetic moment of the 
magnet, deflecting distance, etc. The experience thus far, especially 
with magnet 45, has been very satisfactory. The complete set of 
observations also calls for rotation of magnet within its block 
through I So*' — in other words, every means is taken to eliminate 
possible changes. 

One point more requires attention. On board ship, the line of 
reference — the lubber line is turning with the ship so that the 
deflection angle deduced from two consecutive settings, e. g., a and 
b, would require a correction equal to the difference in the ship's 
headings between the two settings. These possible errors are 
eliminated as follows : If but one observer is available, who must 
likewise record for himself, then directions are given to the helms- 
man to hold a certain course as nearly as possible for an hour to an 
hour and a half, and to '*sing" out when he is on the course. 
During this period about eight complete sets can be made by a 
skillful observer, using two magnets, covering all positions, and 
embracing thirty-two independent settings. This interval of time 
is suflScient to cause the errors due to shiftings of course, and 
hence of lubber line, during settings, to be in the nature of acci- 
dental errors, so that the mean of all readings will yield a satisfactory 
result. Or still better, if a second person is available, who can 
also record for the observer, he will place himself at the Standard 
Compass and call out when ship is on the course, whereupon the 
observer quickly makes his setting, having previously made an 
approximate setting. Owing to the damping effect of the liquid 
in the compass, as noted above, a set of four readings, from which 
a value of H is derived, can be made even on board ship under try- 
ing conditions of sea, within five to fifteen minutes. I have tried 
both methods here described, and have found these preferable to 
actually taking course readings of standard compass, with the aid 
of which corrections to the observed deflection angles are applied. 

In order to have a convenient and uniform method of designat- 
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ing the ship iu$truments, it has been decided to call the above 
deflector the L. B. deflector, the first initial L standing for Lamont, 
who was the first to introduce the sine deflection method, and B 
standing for the name of the inventor of the instrument. We thus 
have on board the L. C. dip circle^ for measuring the total intensity 
and dip, and the L. B. deflector for measuring the horizontal inten- 
sity. Further details regarding this instrument will be deferred 
until it has been put in its final form ; certain experiments are to 
be made with regard to the best magnets to be employed and as to 
the relative dimensions and form of magnet and of compass card. 




L. C. Dip 
circle 



Kelvin L. B. Ritchie 

Compass Deflector Standard 

Compass 

Pic. 5. View of observing bridge, looking aft, showing positions of instruments 
for experimental cruise, San Francisco to San Diego, in 1905. 

It would seem as though this convenient deflector may likewise 
have an economical value in the practical application of the theory 
of ship deviations to the adjustment of compasses, as it admits of a 
ready and simple determination of the ratio by which the ship's 
iron affects the value of the horizontal intensity at the standard 
compass. 

Reduction and Control of Results, 

Observations on board ship are not allowed to accumulate, but 
are reduced promptly, and are forwarded from the first mailing 
port to the office at Washington, where they are immediately 

1 In this case, the L stands for Lloyd, who introduced the principle of measuring 
total intensity with the dip circle ; and C for Creak, who successfully converted the 
Pox ship dip circle into a convenient absolute instrument. 
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subjected to a careful examination, and the final reduction is 
made as far as may be possible. At each cable port, the com- 
mander of the vessel reports his arrival and experience, and holds 
the departure of the vessel subject to advice from the office. 
Thus the office and the ship are, throughout, in close touch with 
each other, and possible improvements can readily be communi- 
cated. [For example, while this article is being put in shape for 
the printer. May 28th, the observations on the present cruise, 
made during April, are in the office at Washington, and will, in a 
few days — ^before the vessel is heard from at Guam — be completely 
revised and examined, so that, if necessary, any additional direction 
may be cabled by code to Guam.] To this eflfective relation be- 
tween office and ship is attributed, in a large measure, the success 
of the work. Usually in past expeditions, the reduction of ob- 
servations was deferred until the complete close of the work, 
when possible improvement, suggested by the results, could no 
longer be made. Not only that, the publication of results has 
generally occurred so long after the observational work was 
completed, that other expeditions were unable to profit by the 
experience gained on previous ones. In the present work prompt 
reduction and publication of results is made a special matter. 

, Specimen Results Obtained on the Galilee, 
In Table I are given specimen results for dip and intensity as 
obtained on the course during the first cruise of the Galilee (1905), 
as the result of observations extending over three-quarters to one 
hour. As the ship's deviation corrections, as well as all other 
necesssary corrections, have been applied to the results, and, as 
stated, these are different for the various instruments, we have 
afforded by the table some means of judging of the absolute, not 
merely relative, accuracy obtained. 

Glancing over the dip results first, it will be noted that they 
range from 60*^ in the northern magnetic hemisphere to i^° in the 
southern, tfius affording a good means of judging as to the success 
encountered with the L. C. dip circle by the methods used on 
the Galilee. The two observers were alternated, he who made the 
dip and intensity observations with the L. C. dip circle one day, 
while the other observer was simualtaneously making H observa- 
tions with the L. B. deflector at the next opportunity took his turn 
with the latter instrument, and vice versa. The observations with 
the two dip needles were made so that mean time (or mean position 
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of ship) for needle i would correspond to that of needle 2. It will 
be noted that the difference between the two needles rarely goes 
above five minutes, and is generally less. In order to show that 
the above table gives a fair representation of the remarkable accu- 
racy reached, it may be stated that out of thirty-eight dip observa- 
tions obtained on course during first cruise, there were twenty-three 
in which the difference between the needles i and 2 was from 
o' to 4'; 9, from 4' to 8'; 4, from 8' to 12', and only two in which 
the difference was from 12' to 20'. When more elaborate observa- 
tions are possible, e. g. during complete swings, an accuracy is 
reached that approaches that on land with the same instrument. 
Thus, out of eleven shore observations at different places with the 
same instrument, there were three in which the two needles differed 
from each other by less than 2', and eight in which the difference 
was between 2' and 4'. 

Passing next to the horizontal intensity results, it will be seen 
that for September 7th there are eight separate results given, 
each of which was derived from observations over a time interval 
of five to ten minutes. The mean time and position of ship for the 
first four results as obtained with the L. C. dip circle (observing 
total intensity and dips) corresponds to the mean time of last four 
results derived independently with the L. B. deflector. With the 
explanations of the methods already given, the particular operation 
from which a tabulated result has been derived will be clear from 
the headings of the respective columns. Thus : 

L. C dip circle, deflections direct (.298) ; deflections suspended 
needle reversed, i. e., face of needle turned around (.298) ; next, 
loaded dip observations, set i (.294), made before deflections; and 
next, set 2 (.295), made after deflections. L, B, deflector, observa- 
tions with magnet 45, letters up (.287) ; next, same magnet, letters 
down, i. e., magnet rotated through 180° inside block (.288); next, 
tube magnet NL, letters up (.288) ; and, finally, same magnet NL, 
letters down (.289). 

The result adopted for any one instrument would be the mean 
of the four results pertaining to it. September 7th was the first 
real experience of the two observers with the methods prescribed 
for the simultaneous observations ; though the agreement must be 
considered fair for ship work, better results were subsequently 
obtained. See e. g., September 9th, November i8th, and Decem- 
ber 2d. On the other days it will be seen that blanks occurred 
in the case of L. C. dip circle, this being due to the fact already 
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mentioned, that in the original condition of the instrument, deflec- 
tions became impossible for the region in which the dip was less 
than about 40®. The observers continued, however, the loaded 
dip observations, but not as extensively as was desirable, they 
having gotten the impression from the observations in the low 
magnetic latitudes that the results would be valueless. When 
reduced, however, they agreed, as will be seen, very satisfactorily 
with the results from the L. B. deflector, used without diflBculty 
with entire success throughout the whole region traversed — as 
will be seen by inspection of the results. Captain Creak says : 
** In equatorial regions good values of the horizontal force, taken 
on board ship, would be a boon.** There can, apparently, be no 
question but what, in the deflector used on the Galilee, we have 
the means of getting this magnetic element with the desired 
accuracy, and that, furthermore, good results can be, and in fact 
are, being obtained with the L. C. dip circle, whether from deflec- 
tions or loaded dip on the present cruise of the Galilee, now that 
the former defects of the instrument have been rectified as above 
described. 

The time is too brief to set forth in equal detail the results for 
declination obtained. But one illustration as to the possible accu- 
racy which can be obtained with a good liquid compass must suf- 
fice. I shall give the results observed in a choppy sea while 
swinging near Goat Island, San Francisco, last August on sixteen 
points, with both helms : 



Date. 
1905. 


Observed Ma^etic 

clination Corrected 

Diurnal Variation 


De- 
fer 


Remarks. 


August 2, . . . 
" 4, * ' : 


17** 42/3 E. 
45.0 
39.6 

Mean, 17** 42/3 


Even keel. 

List 4** to 5*» to port. 

List 4 to 5 to starboard. 



From corresponding observations on shore at three stations 
(the ship having been swung at about the middle point of the 
three), the declination obtained with the standard magnetometer 
was \^^ 39/2, hence the value of .^ in the deviation formula would 
be found equal to + 3.'i. 

Table II will give an idea of the size of the harmonic deviation 
co-ofl5cients for the various elements, as applying to the Galilee on 
her second cruise. Since independent determinations were made on 
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several days, using various methods, this table again a£fords the 
means of judging as the accuracy of the magnetic observations 
made on board ship. While these results were obtained in a har- 
bor, the conditions, on account of inclement weather and high 
tides, were, by no means, specially favorable, as would be the 
case, for example, on a smooth sea. While it will take an expert 
to fully appreciate the wonderful agreement shown in this table, 
certainly even the magnetician, whose experience has been solely 
confined to land measurements, can not fail to be impressed with 

the accuracy reached in ship determinations. 

• 

Table II. 

Harmonic Deviation Coefficients of the Galilee in ipo6, at 

San Diego, California, 



Date. 



1906. 



Declination. 



Inclination. 



Horisontal Intensity. 
:UniUof4thDec. C.G.S.) 



Feb. 26 
Feb. 26 
Mar. I 
Mar. I 



— 8 

— 6 

— 8 
— II 



—2 
—3 
—3 
—4 



+ 8 
-fio 
+ 10 



—5 
— 2 

—5 



Ritchie SUnd. 

liq. comp. 
(Sun observed.) 



By Prism. 
" Alidade. 
" Prism. 
" Alidade. 



Feb. 16 
Feb. 26 
Mar. I 
?eb.ie.lbr.l 



+24 

+20 

+28 

[-f32 3 



— 2 

—5 
—2 

[-5] 



— 10 

— 7 

— 4 



+4 
+10 

-i-5 
[+2] 



Ritchie-Negus 
liq. comp. and 
L. B. deflector. 



r Oompared with Stand&rd 

I (( <« II 

[ From H Oosffidsate. 



Feb. 16 
Feb. 26 
Mar. I 



L. C. dip circle. 



1+14 



+5 
+2 
-h8 



+ 1 
—3 

— 2 



—5 
—3 
—4 



Regular dip. 
DcAectioDMhort distaoee 
long " 



Feb. 26 
Man I 



I L. C. dip circle, dip and total intensity. 



1-15 

!— 23 



—8 
—8 



11 



— I 

+3 



Feb. 16 
Feb. 26 
Mar. I 



L. B. deflector on Ritchie-Negus liq. comp. 



+ 4 
!+8 



+31 
+24 
+24 



—6 

—4 

+3 



—14 

10 

— II 



[In the above table, in each case B is the coefficient of sin Ci C of cos c, 
D of sin 2 r, and E of cos 2 r in the usual deviation formulse.] 

Table III gives a tabulation of the twelve constants which rep- 
resent the induced and permanent magnetic forces of the chief 
vessels which have thus far determined the three magnetic elements 
at sea. The data for the first four vessels have been taken from 
Bidlingmaier*s article, page 486, of the recent edition of Neumayer's 
*' Anleitungen.*' Sm, in the table means a smalj value. It will be 
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noticed that for the GaliUe (1905), in each position of instrument 
the constants are, in general, smaller than those in previous vessels, 
and that, furthermore, as already pointed out, the deviation correc- 
tions for two different instruments and methods, e. g., in getting Hy 
are of varying amount and even of different sign, so that the 
resultant effect, as shown in the last column, is very small. Owing 
to the further changes made in the GaliUe Upon her return from 
the first cruise, and, judging from the results at hand, it is evident 
that the Galilee magnetic constants for 1906 have been reduced still 
further. 

Table III. 

Tabulation of Constants for chief Vessels engaged in Oceanic 

Magnetic Work, 

[All expressed in units of 3d decimal, C. G. S., except X.] 



Constant. 



Brebut. 

to 

1842. 



OkAlkB|;tr 

1873 

to 

1876. 



Gazelle. 

1874 

to 

1876. 



Gauss. 

1 901 
to 
1903- 



Galilee (1905}. 



stand. 
Comp. 



L. B. 
deflector. 



L. C. dip 
circle 



Mean. 



x = . + (--±£) 

A' I ld—b\ 
ly I /a — e\ 
E' I fd-\-b\ 

i 

c 

i 

p 



0.991 

o 

+ 7 
sm. 

+ 27 
sm. 

+ 26 
sm. 

+ 3 
sm. 
sm. 
sm. 



0.999 

+ 2 
+ 6 



o 

o 

+ 8 

o 

— 33 
+ 13 

o 

— 40 



0.98a 
+ 6 

+ 11 

— 2 

+ 13 

t 9 
+ 21 

— 7 

— 21 

-f 8 

— 3 

— 2 



1.003 

+ 5 
+ 21 



— 5 
o 

— 12 

+ I 

— 13 

+ 2 
o 

— 2 



1.003 



O 

+ 4 
— 4 



— 2 



+ I 



— I 

+ 2 

V I* 

— I 



-f 6 
— I 

+ '2' 
o 



— I 

— 4 

f I 

— 1 

— 5 

+ 4, 
-f loi 

+ 3 
— 10 



1.002 
o 

-f I 

— 2 

+ I 

— I 
o 

-f 2 
+ IO> 

+ 2 

-^ 



1 Approximate values. 

It may be moticed also that the Galilee corrections arise chiefly 
from the induced magnetization, and that the normal value of H is 

increased by the ship by about part. 

The general concltcsions resulting from the work of 1905, re- 
garding the attainable accuracy in the values of the magnetic ele- 
ments at sea, are : 

I. On a vessel like the Galilee, with the small deviation 
coeflScients encountered at the positions of the various instruments, 
4 
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whenever she can be swung completely to the port and to the 
starboard, whether on sixteen or eight equi-distant headings, even 
in a moderate or a choppy sea, emplo3ring the methods introduced 
and having skilled observers, the average results obtained from the 
complete swings need not be much inferior in accuracy to the 
values obtained on shore with the best field instruments handled 
by experienced observers. The degree of accuracy appears to de- 
pend chiefly upon the amount of time or the number of days that 
can be spent on the work at any one place. Under ordinary con- 
ditions and in the absence of magnetic storms, if about the same 
time be spent on the complete observations at sea as would be 
devoted to similar observations on land on one day, it would appear 
that the magnetic declination, as well as the magnetic inclination 
or dip of the needle, can be determined within five minutes of the 
absolute value and the horizontal component of the Earth's 

magnetic force, within about — part of its absolute value. If two 

or three days be devoted to the observations at one place, it is 
possible, as already stated, to reach results still more accurate; 
however, it will suflBce for all purposes, regarded even from a 
purely scientific standpoint, to secure the accuracy in the deter- 
mination of the magnetic elements at sea derived from a complete 
swing forward and back. 

2. In a moderately rough sea, which still permits making ob- 
servations, the average results derived from a complete swing for- 
ward and back, on about six to eight points, may be absolutely cor- 
rect within five to ten minutes as far as the magnetic declination 
and dip are concerned, and the value of the horizontal intensity be 

absolutely correct within about to part. 

200 300 * 

3. Under favorable conditions of sea and weather, observations 
made on the course of the vessel, i. e., simply on one heading, if 
they be extended over about an hour, will yield average results that 
will be relatively correct within five to ten minutes in magnetic 

declination and dip and horizontal intensity to within to 

part. The absolute accuracy depends upon how correctly 

the deviation corrections, to be applied to the observations due to 
magnetism of the ship for the direction in which she is headed, 
can be determined from ** swings " made several days before and 
after the observations. 
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Some difficulty was encotintered on the first cruise respecting 
the eflFective control of the deviation corrections for the sepa- 
rate instruments, partly due to swings not being sufficiently 
frequent, partly to instrumental defects, as already pointed out^ 
and partly to the ship itself. Neverthefess, when the results were 
completely reduced, and comparisons made such as, for example, 
given in Table II, they turned out to be better than was antici- 
pated. In the present cruise, these difficulties have been very largely 
overcome, so that if the course observations cover a long enough 
interval, the absolute accuracy will not be much inferior to that for 
" swing observations.*' It should also be remembered that owing 
to the varying conditions under which the work is being done, 
outstanding deviation errors partake of accidental errors, which 
tend to annul each other in the construction of the isomagnetic 
lines from observations over a certain area. 

In briefs it would appear that while an entirely non-magnetu 
vessel is a great desideratum — chiefly to avoid the necessity of de- 
voting unnecessary tinte^ labor, and money in the elimination or 
determination of errors due to disturbing causes which should not 
exist — results are being gotten now on the vessel Galilee^ ivith the 
methods and instruments employed, that will satisfy the demands of 
the art of navigation as well as of magnetic science. The ideal 
vessel would be a non-magnetic sailing vessel, equipped with a 
certain amount of auxiliary power, for use in emergencies in mak- 
ing ports and in close shore work. Plans for such a vessel are 
under way, and it is hoped that the necessary funds will likewise 
soon be forthcoming. 

Correctness of Present Magnetic Charts of North Pacific Ocean, 

The following summary exhibits the differences between the 
values of the magnetic elements determined by the Galilee in 1905 
and those scaled from the latest magnetic charts (declination, 
inclination, and horizontal intensity) of the German Admiralty for 
1905, designated in the table G. A, as also from the latest isogonic 
chart of the British Admiralty for 1907, designated B, A, The 
table gives the combination of results within a certain area, the 
observed value always having been subtracted from the chart value ; 
the horizontal intensity diffierences are given in units of third deci- 
mal C. G. 5. 

From this table the following facts appear for the region em- 
braced : ^ 
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1. The British Admiralty isogenic chart is, on the average, 
more correct than the German one; however, both charts show 
systematically too small values of easterly declination between San 
Fancisco and Honolulu by about i^ to 2^. 

2. The latest isoclinic chart gives dips systematically too low 
by about i** on the average. 

3. The latest chart of lines of equal horizontal intensity gives uni- 
formly too high values on the average by about — th part. 

Tabi^E IV. 

Differences in the Magnetic Elements Observed by the Galilee 

in 1^5, and as scaled from present Charts, 



Latitude. 


Longitude. 


Declination. 1 

1 


Latitude. 


Longitude. 


Indi'n. 


Latitude. 


Longitude. 


lorinatal 
latflMitj. 


N. 


W. ofGr. 


B. A. 1 G. A. 


N. 


W. of Gr. 


G. A. 


N. 


W. of Gr. 


G.A. 





• 

























0.4 


163.4 


4-0.5 


-ha6 


— 0.2 


1634 


— I.I 


0.6 


162.9 


+ 3 


3.4 


159.0 


+ 0.2 


+ 0.3 


1.2 


160.7 


— I.I 


1.2 


161.O 


-f 4 


5.6 


164.0 


-f 0.4 


ho.2 


3.1 


165.2 


— 2.0 


50 


161.3 


-h 9 


6.4 


155.8 


+ 0.3 


+ 0.2 


6.9 


156.4 


— 1.7 


134 


162.9 


-f 18 


II.2 


165.5 


— 0.2 


— 0.7 


II.O 


165.5 


— 2.5 


22.8 


161.4 


-f 23 


19.5 


155.7 


— 0.1 


— 0.8 


18.6 


155.9 


— 0.8 


23.5 


150.4 


+ 21 


22.2 


163.9 


-fo.i 


-0.8 


22.8 


161.4 


— 1.0 


24.9 


164.9 


-f 21 


24.4 


164.3 


-f 0.2 


— o.8i 


22.9 


158.4 


— 04 


34.8 


124.I 


-f 12 


25.6 


165.7 


— 0.2 


-1.2I 


23.5 


150.4 


— 0.2 


34.9 


126.7 


4- 7 


26.8 


138.5 


— I.O 


-1.6: 


25.1 


166.2 


— M 








29.6 


161.3 


—0.3 


— 1.0 


27.0 


138. 1 


— 2.1 








34.8 


J24.I 


— I.I 


— 0.9 


29.3 
34.9 
35.4 


129.3 


— 24 

— 0.5 

— 0.3 









These conclusions are likewise borne out by the few observa- 
tions obtained by the Coast and Geodetic Survey vessel Patterson 
on her cruise from Seattle to Honolulu in 1904. Furthermore, the 
last conclusion. No. 3, is likewise true for the Western Atlantic, as 
shown by all the observations of the Coast and Geodetic Survey 
vessels since 1903. So large an error in the intensity charts over 
the oceanic areas must have quite an effect on the determination of 
the Earth's magnetic constants. The errors in the charts are not 
at all surprising, when it is recalled how scanty the available data 
have been. Consult again Pig. i. 

At the end of the present cruise of the Galilee, it is proposed to 
publish in detail the entire work and results. It may then be worth 
while to make corrections to the present charts, and also to make 
tests of the potential hypothesis, i. e., of the existence of vertical 
electric currents for the various circuits. 
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MAGNETIC ELEMENTS DETERMINED AT TRIPOLI, 

BARBARY. 
By Professor L. Palazzo. 

The Department Terrestrial Magnetism of the Carnegie In- 
stitution of Washington intrusted me with the task of making 
magnetic and electric observations at Tripoli in Barbarj** on the 
occasion of the total solar eclipse of last August 30, 1905, and pro- 
vided the necessary funds for the accomplishing of the same. 

During my brief sojourn at Tripoli it was very natural I should 
devote my time also to the taking of absolute magnetic measure- 
ments, partly because I considered it interesting to know the mag- 
netic elements of Tripoli, and partly in order to get the base-line 
values for the registrations obtained with the magnetograph, which 
I had set up in the Royal Italian Technical-Commercial School in 
Tripoli for the purpose of ascertaining the eventual magnetic varia- 
tions connected with the eclipse. 

Whilst I am attending to the reduction of the photographic 
records and to the compilation and discussion of the entire observa- 
tional material to which I shall refer herein in subsequent notes, it 
appears desirable to make known now the results obtained from 
my absolute determinations of the magnetic elements at Tripoli. 

The station chosen was a garden of palm-trees belonging to the 
Girls* Italian Orphanage, situated one mile outside the town 
between the negro village Dhara and the tombs, so called, of the 
Sultan's KaramarUL In this locality no magnetic local disturb- 
ances were to be feared, the soil being sandy-calcareous. 

The geographical co-ordinates of the station are :* 
^=32^ 53' 45" N; A.=o^ 52°^ 4o» E of Greenwich; A=io meters. 

^This has been already announced in the September number (1905) of this 
Journal. (See Vol. X, p. 145.) My best thanks are due to the Director of the Depart- 
ment, Dr. L. A. Bauer. L. Palazzo. 

<The latitude and longitude of the place were deduced from measurements on a 
small plan of the Bay of Tripoli, annexed to the chart, No. 209 B.^ of the Mediterra- 
nean Sea, published in 1899 by the Hydrographic Institute of the Italian Admiralty, 
and taking as point of reference La Sanita (Sanity Building), the co-ordinates of 
which are given in the Connaissance des Temps ^ as determined by Mouchez. I 
have also taken into consideration the more probable corrections which Millosevich 
has shown as to be applied to the data of Mouchez for La Sanita. {Rend. R. Ace. 
dei Lincet, Vol, XI V^ 2° sem.y pp. 399-409.) 
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As azimuth mark in my measurements of declination I took 
the cross on the steeple of the church of the Franciscan Mission 
in Tripoli. The astronomical azimuth of this object, as seen from 
the center of the station, was determined from eight observations 
of the Sun's lower limb on the morning of September 4th, from 
7^ 31°* to 8^ 12", and it resulted as follows: 104® 4/ 4o"db6" West 
of South. 

On the same day, September 4th, the absolute measurements of 
declination and of horizontal intensity were made with my mag- 
netometer, Dover-Schneider, and on the successive days, the 6th 
and 7th, I took the measurements of inclination with the Dover 
dip circle using three needles. The results are contained in the 
following table : 



Time of the 


Declinat'D 


Time of the 


Hohiontal 


Time of the 


Ko. of IneliBstkn 


Observatious 1 


West 


Observations 


iBtraaity 


Observations 


llMdl* 


Kertk 


1905 




1905 




1905 






September 4 




September 4 




September 6 






h m h m 


t f 


h m h m 




b m h m 




/ 


10 30 to 10 34 


8 59 10 


Deflecting Distance 


30 cms. 








10 45 " 10 49 


9 00 15 


12 02 to 12 57 


0.2771 I 


9 49 to 10 22 


2 


46 57.3 


II 02 " II 07 


9 0045 


12 02 " 14 08 


0.27700 


10 52 " II 17 


5 


46 50.7 


II 17 " II 21 


901 15 


12 40 " 14 50 


0.27712 


16 26 " 16 57 


5 


46 48.7 


II 30 " II 33 


901 45 


13 49 "14 50 


0.27701 


17 00 " 17 28 


2 


46 52.1 


17 01 " 17 05 


85835 


Deflecting Distance 


40 cms. 








17 18 " 17 22 


^5855 


12 02 to 13 26 


0.27704 


September 7 






17 30 " 17 34 


8 58 50 


12 02 " 13 45 


0.27709 


16 18 to 16 48 


I 


46 52.6 


17 47 " 17 51 


8 59 30 


13 12 ** 14 50 


0.27706 


16 58 " 17 28 


I 


46 52.1 


17 59 " 18 02 


8 58 55 


13 30 " 14 50 


0.27710 








Mean. 


859.8 




0.27707 






46 52.3 



According to the indications of the ^self-registering variometers 
there were no magnetic perturbations whilst the absolute measure- 
ments were being made on September 4th. Therefore, considering 
the number of the observations and their distribution throughout 
the course of the day (by consequence of which the average of the 
measurements is nearly the same as the daily mean value of the 
elements), we may at once adopt the following values of the mag- 
netic elements at Tripoli for the epoch 1905.7 : 



Declination = 8° 59.'8 W 
Inclination =46 52. 3 N 



Horizontal Intensity = 0.27707 
Vertical " = 0.29579 

Total ** = 0.40529 



^The chronometer was regulated on the /. m. E. C. (ih in advance of Greenwich 
time) ; and the hours are reckoned according to the present Italian usage. 
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Measurements of three magnetic elements at Tripoli were made 
by Moureaux in 1887, when he traveled along the northern coast 
of Africa in order to complete his magnetic chart of the western 
basin of the Mediterranean.^ Although his station was on the 
other side of the oasis, at the entrance of the desert, and, therefore, 
a little more to the south and further from the coast than mine, 
still I believe that in view of the short distance between the two 
stations and because of the absence of local disturbance, the fol- 
lowing reduction of the secular change may safely be made : 



Magnetic Blbmbmts 


MOURBAUX. 

(Made in 1887.3.) 
but reduced to the 
Bpoch, 1888.0) 


Palazzo. 
(Epoch. 

1905.7; 


Change in 

the interval, 

1905.7-1888.0 


Average An- 
nual change 
of the 
element 8 


Declination ( W) . . . 
Inclination (N) . . . 
Horizontal Intensity . 


io« 3i'.8 
47 36.5 
0.27576 • 


8° 59^.8 

46 52.3 
0.27707 


- 1° 32^.0 

— 44.2 

-f 131 > 


-5^.2 
— 2.5 

+ 7.47 



The annual changes thus found in the declination and inclina- 
tion agree well with the known values in the west Mediterranean 
region. As regards the horizontal intensity, however, the variation 
obtained is notably smaller, 77 instead of 15-207, as usually found 
in the region stated, so that further consideration must be given to 
the value found. An explanation may be furnished by the un- 
favorable circumstances under which Moureaux says his observa- 
tions of May 4, 1887, were made, viz.: The sirocco was blowing 
with great violence, raising whirlwinds of sand, which penetrated 
into the apparatus; the temperature had risen to 41°. 7; the hori- 
zontal component could only be deduced from one single observa- 
tion. Also during the day a faint magnetic perturbation was 
noted at the Observatory of Pare St. Maur. The short stop of the 
steamer did not allow Moureaux to repeat his observations. Our 
observations at Tripoli were made, instead, under the most favor- 
able circumstances in every respect. 

> Annalcft du Bureau Central M^t^orologique de Prance, M^moires, Anne^ 1887, 
pp. B. 45-194. 

' The value of /^, as here given, has been corrected by the quantity — 67 y, this 
t>eing the induction correction subsequently given by Moureaux as applying to his 
published observations made before 1896. 

' Assuming that the change was linear during the interval, which assumption is, 
of course, not strictly true. 
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Shortly after my return to Rome from the eclipse expedition, I 
had the opportunity of making measurements of comparison be- 
tween my field magnetic instruments and those of Dr. Nordmann, 
who had also just returned from his eclipse mission to Philippeville. 

In Rome (Practical School of Agriculture), on October 24 and 
31, and November 2, 1905, my instruments gave: 

Declination = 9° 3i'.8 Horizontal Intensity = 0.23444 
Inclination = 57 33 .5 

Rotney February^ igo6. 
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MAGNETISCHE MESSUNGEN IN SIBIRIEN. 
Von D. Smirnow. 

Diese Messungen sind auf Initiative des Herm Professors der 
Kaiserlichen Universitat in Tomsk, Th. Kapustin, mit dem Wild*- 
schen Reise-Universaltheodolith aus der Werkstatt von Edelmann 
in Miinchen gemacht worden. 

Als eins der ersten Exemplare seiner Art, weicht dieses Instru- 
ment unwesentlich von der Beschreibung* ab. 

Die Resultate der Messungen beweisen die grosse Genauigkeit, 
die mit diesem Instrumente unter gewissen Verhaltnissen erreicht 
werden kann. Die Azimute wurden z. B. im Jahre 1901 nach der 
Sonne mit einer mittleren Abweichung von nur it 5" bestimmt, 
wobei die Correction des Chronometers meistenteils vor- und 
nachmittags ermittelt wurde. Noch genauer waren die Messungen 
der Zenithdistanzen nach der Ersetzung des im Jahre 1900 ver- 
dorbenen Vertikalkreises durch einen neuen aus derselben Edel- 
mann'schen Werkstatt. 

Die Grenze der Genauigkeit der hier publicirten Werte der 
Declination hangt daher hauptsachlich von der Reduction der 
Beobachtungen auf das Jahresmittel nach den stiindlichen Able- 
sungen der 2^ 55" von einander entfernten Observatorien in Katha- 
rinenburg und Irkutsk ab. Die mittlere Abweichung einer nach 
Katharinenburg und Irkutsk (im Mittel) reducirten Beobachtung 
war gleich it o'.6. An jedem Punkt wurden grosstenteils 3-4 voU- 
standige Beobachtungen gemacht. 

Die Bestimmung der Inclination mit dem Inductions-Inclina* 
torium musste immer in einem Zelt gemacht werden, um das 
Galvanometer (Rosenthal's Modell), obgleich es auf einem sehr 
niedrigen Stativ aufgestellt wurde, vor den kleinsten Windstossen 
noch zu schiitzen. Um aus denselben Griinden die Arbeit abzu- 
ktirzen hatte man fiir vorteilhaft gefunden einen Stromschliissel 
in den Stromkreis des Inductorium einzufiihren. Der schadliche 

1 H. Wild. Theodolith fur tnagrnetische Landesaufnahmen. Vierteljahrsschr. d. 
Naturforsch. Geaellsch. in Zurich, 1896, Jubelband, II, S. 139. 
5 97 



Digitized by 



Google 



98 D. SMIRNO W [VOL. xi, no. 2.] 

Einfluss der schwachen thermo-electrischen Strome, die manchmal 
sich durch eine sehr geringe Ablenkung des Galvanometers beim 
Stromschluss manifestirten, wird dadurch ausgeschaltet, dass man 
beim Drehen des Inductoriums im Galvanometer genau dieselbe 
Ablenkung erreicht, die sofort nach Einstellung der Drehung im 
Galvanometer noch bleibt. 

Die Bestimmung der Inclination gelang mit einer Genauigkeit 
von ±. o'.3 in Mittel ; es ist zu bemerken, dass diese Zahl aucli den 
Fehler wegen Reduction auf das Jahresmittel enthalt. 

Weniger genau sind die Beobachtungen mit dem Wild'schen 
Instrument fiir Horizontalintensitat, vielleicht aus dem Grunde, 
weil das Umstellen des ganzen Gehauses mit dem Magnet auf die 
Enden der Horizontalachse bei den Ablenkungen nicht ganz ratio- 
nell ist.* Sonst wiirde die Empfindlichkeit des Instruments auch in 
dieser Beziehung geniigend gross sein. Die einzelnen Bestim- 
mungen der Horizontalintensitat wahrend der Reise ergaben eine 
mittlere Abweichung db 0.00005 abs. Einh., in welche die Reduc- 
tion auf das Jahresmittel nach einem der Observatorien schon ent- 
halten ist. 

Die Vergleichungen des Theodolithen mit den absoluten Instru- 
menten der Observatorien in Pawlowsk und Irkutsk ergaben 
folgende Grosse der Constante B in der Formel 



H= — 
T 



\sini; \ / 



und die nachstehenden relativen Werte des magnetischen Mo- 
mentes : 

In Pawlowsk, 1897,* B = 0.40809 Mo = 20440 ±z 6 
In Irkutsk, 1900, = 0.40782 = 19991 ± 4 

In Irkutsk, 1901. = 0.40765 = 19768 ±: 9 

Die mittlere Abweichung einer Bestimmung bei jeder Priifung 
des Instrumentes im Observatorium war gleich it 0.00002 oder 

1 Erstens kann eine Umstellung: des Gehauses wegen des schwachen Banes des 
ganzen oberen Teils des Instruments von schadlicher Wirkung sein ; zweitens war 
vielleicht das Befestigen des Hauptmagnets mitten im Gehause nicht immer be- 
standig genug. Drittens kann bei der Aufsetzung des Gehauses und des Gegenge- 
wichtes auf die Enden der Horizontalachse letztere nach der einen oder der anderen 
Seite verstellt werden, wodurch die Entfemung der beiden Magneten geandert wird. 

* Nach Beobachtungen von Prof, kapustin. 
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± 0.00003 sibs. Einh., wahrend die zu verschiedenen Zeiten er- 
haltenen Werte von B kaum eine absolute Genauigkeit von 
0.00008 abs. Einh. (fiir Irkutsk, wo H^ 0.201) erwarten lassen, da 
die wahren Ursachen der Aenderung von B unbekannt sind; cs 
ware nur zu bemerken, dass im Theodolith schwache Spuren von 
Eisen nachgewiesen worden sind, und dass im Winter 1 900-1 901 
gewisse Teile des Instruments ersetzt wurden. Sehr grosse Fehler 
in Folge des Eisengehaltes kann man nicht erwarten, da die Be- 
trage der Intensitat, die ich gemessen habe, fast dieselben waren 
(0.147 — 0.201) wie bei den Priifungen in Pawlowsk (0.165) und 
in Irkutsk (0.201). 

Zur Reduction auf absolute Declination habe ich fur 1900 die 
Correction — o.'8zho.'2 und fur 1901 — o.'5 ± o.'o gefunden und 
angewandt. Bei der Inclination ist keine Correction angewandt 
worden. 

Die oben erwahnte mit dem Wild'schen Theodolith erzielte 
Genauigkeit konnte tiberhaupt nur mit grossem Aufwand von 
Zeit und Miihe erreicht werden, denn es hat sich erwiesen, dass 
mehrere Details in der Construction des Instrumentes unzweck- 
massig sind, und dass das jedes Mai erforderliche Montiren und 
Zerlegen des Apparates viel Zeit verlangt. 

Ausfuhrlicheres, betreflFend die Messungen und die Beschreibung 
der Beobachtungsorte, die an den Fliissen Ob und Ket (fur 1900), 
an der Sibirischen Eisenbahn von Tscheliabinsk bis Krasnoiarsk 
und hinab den Fluss Enissei bis 60^ Breite (fiir 1901) gelegen 
sind, kann man in meiner, in den *' M^moires de TAcad^mie Im- 
p^riale des Sciences de St. P^ersbourg," VIII. Serie. t. XVII, n. 7 
in russischer Sprache publicirten Arbeit finden. 

Nachfolgend geben wir eine Tabelle, in der die magnetischen 
Elemente, reduciert auf die Epoche 1900.5 und 1901.5, enthalten 
sind. 

Um die Sacularanderungen des Erdmagnetismus zu berechnen, 
hatte ich wenig Material zur Verfugung, weil es mir aus ver- 
schiedenen Griinden nicht moglich war mehrere Punkte zu be- 
suchen, aus denen magnetische Beobachtungen aus alterer Zeit 
vorliegen. 

Fiir die Epoche 1875 habe ich die magnetischen Blemente 
hanptsachlich der Publication von Dr. Fritsche* entnommen. 

1 Die lithographierte Ausgabe '* Observations magn^tiques sur 509 lieu, faites en 
Asie et en Bnrope pendan la p^riode de 1867-1894, par Dr. H. Fritsche." St. Peters- 
bonrg, 1897. 
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Absolute Werte der Magrutischen Elemenie 



O&T 



Tomsk, . . . 

Krasnyi-iar, . 
Naryni, . 
Kolpaschewo, 
Kolmakowo, . 
Malo-Panowo, 
Bolsche-Panowo, 
Jurten Muleschkiny, 
Mundung Fl. Osernaia, 
Glawnyi Sstan, . 
Nishne-Schadrino, 



Tscheliabinsk, 

Schumicha, 

Kurgan, 

Makuschino, 

Petropawlowsk» . . . . 

Issil-Kul 

Mariano wka, 

Kormilowka, 

Tatarskaia 

Tebiss, 

Koshurla, 

Kargat, 

Tschik, 

Oiasch, 

Tomsk, 

Polomoschnaia, .... 

Ssudshenka, 

Mariinsk 

Bogotol 

Tschernoretschenskaia, 

Krasnoiarsk, 

Kasatschinskoe, . , . , 

Enisseisk, 

Kolmogorowo, .... 
Mundung Fl. Ganewka, 
Nishne-Schadrino, . . . 



Breitc 

Nordl.) 



56 27 

57 05 

58 55 
58 18 
58 26 
58 26 
58 28 
5853 

58 53 

59 05 
59 54 



55 08 
55 13 
55 26 
55 12 
54 51 
54 54 
54 58 

54 59 

55 '2 
55 21 
55 19 
55 12 
55 00 

55 27 

56 27 

55 45 

56 06 
56 12 
56 13 
56 16 

56 01 

57 42 

58 27 

59 15 
59 52 
59 54 



V. Grj 



3384 
84 

29181 

i6'82 

3183 

25 

51 

15 

32 

25 

57 



2961 
3863 
14165 
2767 



02|80 

2682 

58I83 
3384 

II 84 
49S6 

1987 
1489 
08J9I 

22I92 
02(93 
05192 
34I9I 
■ I90 
5790 



55 14 
21 

33 15 
53 42 

32 00 

33 15 
51 00 
41 30 

44 30 
ro 30 

38 45 



25 45 
16 59 
19 21 

14 30 

10 15 

16 15 

37 45 
05 57 
57 33 
28 18 
o\ 54 

17 21 

26 30 
49 00 
55 14 
59 II 
09 26 

44 09 
31 56 
05 22 

53 42 

17 02 

11 56 

18 28 
47 00 

38 45 



Decrn 
Oestl.) 



'900.5. 

I 53-6 

1.9 

4 307 
39-3 
00-5 
549 
43-1 
55-3 
25.2 

38.9 



iDcrn. 



72 303 



74 02.6 
73 38.2 

73 45.7 
73 51-5 



0.17517 
.1706 
.16049 

.16457 

.1640 

.16370 

•16349 

.1612 

.15602 

.15798 

.14690 



06.5 
48.6 
20.8 

25.9, 
26.0 
28.7 
06.6 

34.7 
06.7 

46.3 
06.0 

32.7 
I 51.0 
I 44.1 

I 57.9 

I 42.4 

I 43.0 

I 16.0 



o 24.3 

8 59.0 
o 09.5 

9 38.6 

27.2 

1 144 
o 56.3 



27.6 

19-5 
42.3 

41-5 
32.0 

52.4 
08.2 

31-4 
42.5 
51.3 
50.4 
16.0 
13.1 
40.5 
30.2 

57-2 
21.8 
46.6 
40.2 
01.6 
40.5 
315 
38.1 
29.0 
44-2 
44.4 



Hor. 
Int. 



Vert. 
Int. 



0.5557 

.5613 
.5605 

.5621 
.5649 



0.189050, 
.19007 . 
.18858 
.18954 

-1925 I 
.19082 
.18915 
.18672 
.18667 
.18605 
.18826 
.18546 
.18565 
.18250 
.17514 
.17979 
.17748 
.17488 
.17614 
.17296 
.17746 
.15970 
.15500 
.14970 

.14715 
.14696 



5046 

5037 
5099 
5122 
5158 
.5207 
5236 
5280 

.5333 
5359 
5418 
5469 
5459 
5510 
5556 
5518 
5582 
5641 
5645 
5667 
5689 
5768 
5772 
5782 
5788 
5782 



ToUI 
Int. 



0.5827 

.5838 
.5842 

.5854 
.5881 



0.5388 
.5383 
.5436 
.5461 
.5506 
.5546 
.5567 
.5600 

.5650 
-5673 
.5 36 
•5775 
.5766 
.5805 
.5825 
.5804 
.5858 
.5906 
-5913 
.5925 
.5959 
.5985 
.5976 
.5972 
.5973 
.5966 



Die fiir jedcn einzelnen Punkt berechneten Sacularanderungen 
des Erdmagnetismus stimmen nicht immer geniigend tiberein, aber 
fur gewisse Gruppen einzelner Stationen erhalten wir folgende 
mittlere Sacularanderungen fiir die Bpoche 1888 (von 1875-1901) 
in der Zone 52**-59** nordlicher Breite. 
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Mitilere fdhrliche SdctUaranderung 





Tsek^iftbinsk 


Von Omsk bis 
Tomsk 


Inaoisnk 


Irkutsk 


Liinge von Greenwich 


ei.^'o 


Sc^a 


92.^5 


I04.°3 


Declination, 

Inclination, 

Horizontalintensitat, . . 
Totalintensitat, 


-3/0 
-f 0. 9 

— 47 
+ 277 


— 1/2 
+ I.I 

- 87 

+ 277 


+ 0/3 
+ 0.9 

— 57 
+ 347 


+ 1/9 
-f 1.0 
— 17 

+ 437 



[+ Bedentet eine Bewegung der Magnetnadel nach Westen, eine Vennehning der 
Inclination und eine Vermebrung der Horizon talintensi tat.] 

Die Magnetnadel in Tomsk (L. v. Gr. = 84*^ 55') bewegte sich 
in 26 Jahren im Mittel jahrlich um i' nach Osten. In Bezug auf 
den wahren Gang der Magnetnadel in Tomsk kann man, zum 
Teil in Ucbereinstimmung mit dem, was fur Katharinenburg be- 
kannt 1st, eine allmahlige Verzogerung in der Bewegung der Nadel 
nach Osten, sogar vielleicht dazwischen ein Stehenbleiben der- 
selben, und darauf eine emeute Bewegung in dem oben angege- 
benen Sinne annehmen. 

Obgleich die Werte der Declination fur Enisseisk nach Dr. 
Fritsche und nach F. Miiller einander stark widersprechen^ so 
kann man doch annehmen, dass im Gebiete des Enissei' die Be- 
wegung der Nadel nach Osten nicht nur zum Stillstand gekommen 
ist, sondem dass sich die Richtung der Bewegung geandert hat, 
d. h. dass die Nadel jetzt nach Westen geht, was in Irkutsk schon 
lange der Fall ist. 

Die mittlere Aenderung der Inclination wahrend derselben Zeit 
war im ganzen Landstreifen von Tscheliabinsk bis Irkutsk fast 
gleich. In den letzten Jahren, besonders von 1 892-1 899, wird die 
Zunahme der Inclination in Katharinenburg merklich schwacher; 
in Irkutsk ist sie jetzt wiederum bedeutend starker als friiher. 

Die mittlere Abnahme der Horizontalintensitat im Gebiet von 
Omsk bis Tgmsk war wahrscheinlich starker, als westlich und 
ostlich davon. Zeitweilig, z. B. von 1 893-1 897, vergrosserte sich 
sogar die Horizontalintensitat sowohl in Irkutsk, als auch in 
Katharinenburg. D. Smirnow. 

Sf. Petersburg, 
Pkysikalisches NicolauCentral Observatorium, 

Januar igo6, 

I In 1874 hat Dr. Pritache — 9° 2/7 ; in 1873 P. Mtiller — 10° 10/7 gefunden. 



Digitized by 



Google 



LETTERS TO EDITOR 



SOME RESULTS FOR MAGNETIC DECLINATION AND INCLINA- 

TION. 
By Dr. O. J. Klotz. 



SUtion 


Latitude 
(South) 


Longitude 

East of 
Greenwich 


Date 

1903 


Time 


ObMrrtd 
DmUim- 
tio&lut 


Date 

1903 


Time 


^ 


Obtemd 

laeliu- 

tioBSmtk 




o / // 


/ // 




h m 


f 




h m 




/ 


Suva, Fiji, . 


180845 


178 25 36 


Aug. 3 


1055a 


957.5 


Ang. 5 


445P 


VI 


3751.5 








Ang. II 


1050a 


56.4Ang. 10 


410P 


VII 


54.3 














Aug. II 


1150a 


VI 


58.5 


Southport, 




















Queensland, 


275853 


153 24 57 


Oet 20 


4i2p 


906.1 


Oct 23 


1105a 


vn 


56 26.9 


Doubtless 




















Bay, N. Z., . 


345922 


1732902 


D«c 17 


H3oa 


1340.8 


D«c 17 
D«c. 17 


I2 22P 

302P 


VII 
VI 


59544 
52.9 



The geographic positions graven, refer to my astronomical stations at 
the cable stations, the above results having been obtained in connec- 
tion with my telegraphic longitude work for the Canadian Government- 
The instrument was a Tesdorpf Field Magnetometer with dip circle sim- 
ilar to those made for the German Antarctic Expedition. 
Descriptions of Stations, 

Suva, Fiji. Magnetic station was on vacant land 158 ft southwesterly 
from the pier of the astronomical station and 10 ft. from the low bank 
bordering the sea beach. The solar observations for azimuth of the ref- 
erence object were made by G . Heimbrod, and the adopted reduction 
by O. Klotz. 

Southport, Queensland. Magnetic station 109 ft. north of pier of as- 
tronomical station. 

Doubtless Bay, New Zealand. Astronomical station at Cable station. 



PRINCIPAL MAGNETIC DISTURBANCES RECORDED AT 

CHELTENHAM MAGNETIC OBSERVATORY, 

JANUARY I to APRIL 30, 1906.^ 

I. Moderate disturbance. Began about \^^' on February 5th and 
ended about 12^. on February nth. 





Maximum. 


75 M. M. Time. 


Minimum. 


75 M. M. Time. 


Range. 


D 
H 
Z 


47.^3 

54. 2 mm. 

79. 2 mm. 


h m 

Feb. 9, 4 32 

** 8, 23 56 

" 5, 23 03 


10. I mm. 
58. 4 mm. 


h m 

Feb. 10, 21 35 

5, 22 52 

" II, 9 57 


13/7 

44. 1 mm. or 74 7 
2a 8 mm. or 327 



1 Continuation of list given in previous volumes. The Observatory is sh 07.4m 
west of Greenwich. 
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2. Moderate disturbance. Began about 27^^ on February 14th, and 
ended about 2^^- on February i6th. 



Maximum. 



75 M. M. Time. 



Minimum. 



75 M. M. Time. 



Range. 



D 
H 

z 



47/0 

53. 4 mm. 
83. o mm. 



h m 

Feb. 15. 15 47 

" 15. 2 53 

" 15, 19 II 



35.^4 

08. 3 mm. 
59. 6 mm, 



h m 

Feb. 16, 9 38 

" 15, II 24 

" 16, ID 24 



11.^6 

45. 1 mm. or 

23. 4 mm. or 



767 
367 



3. Moderate disturbance. Began suddenly at 17^. 31m. on February 
18th and ended about 17^- on February 19th. 



Maximum. 



75 M. M. Time. 



Minimum. 



75 M. M. Time. 



Range. 



D 
H 
Z 



49.^8 

55. 6 mm. 
84. 4 mm. 



h m 

Feb. 19, lo 24 

" 19. 8 II 

" 19, 15 59 



34.^6 

-01. omm. 
60. o mm. 



h m 
Feb. 18, 22 21 

" 19. II 50 
" 19, 10 21 



15/2 

56. 6 mm. or 95 7 

24. 4 mm. or 377 



4. Large disturbance. Began about '^' 30™- on February 24th and 
ended about i8^- on February 26th. 



Maximum. 



75 M. M. Time. 



Minimum. 



75 M. M. Time. 



Range. 



D 
H 
Z 



50/1 

50. 4 mm. 

1x8. 5 mm. 



b m 

Feb. 24, 12 39 

" 26, o 26 

" 24, 17 12 



20.^5 
-27. I mm. 

33- 7 mm- 



Feb. 



h m 
26, O 12 
24, 17 09 
26, I 37 



29.^6 

86. 5 mm. or 145 7 
84. 8 mm. or 130 7 



5. Moderate disturbance. Began about i6^- on February 27th and 
ended about 2o^»- on March ist. 



Maximum. 



75 M. M. Time. 



Minimum. 



75 M. M. Time. 



Range. 



D 
H 
Z 



49/7 

47. 2 mm. 
90. 6 mm. 



h m 

Feb. 28, 3 17 

" 28. 633 

" 28, 17 14 



31/4 

-05. 4 mm, 
59. 7 mm. 



h m 

Feb. 28, 20 04 

" 28. II 25 

" 28, 9 3§ 



i8.^ 

52. 6 mm. or 887 

30.9 mm. or 477 



6. Moderate disturbance. Began suddenly at i8^- 22"^- on March 3d 
and ended about 6^ on March 5th. 



Maximum. 



75 M. M. Time. 



Minimum. 



75 M. M. Time. 



Range. 



D 
H 

z 



49/9 

60. 9 mm. 
88. 7 mm, 



Mar. 



b m 
5» 2 19 
3. 2047 
3, 21 51 



34/0 

02. 6 mm. 
63. 8 mm. 



Mar. 



h m 

4, 22 56 

3, 21 49 

4, II 27 



15/9 

58. 3 mm. or 917 

24. 9 mm. or 367 
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7. Moderate disturbance. Began about 20^- on March 6th and ended 
about 4^ on March loth. 



Maximum. 



75 M. M. Time. 



Minimum. 



75 M. M. Time. 



Range. 



D 
H 
Z 



47/3 

56. I mm. 
80. 6 mm. 



Mar. 10, 2 45 

" 7, 23 19 
8, 16 46 



25/7 

01. 5 mm. 

52. 7 mm. 



Mar. 



h m 



6, 23 55 

6, 23 38 

7. o 32 



21.^6 

54. 6 mm. or 857" 
27. 9 mm. or 407 



8. Moderate disturbance. Began about 12^- on March 24th and 
ended about 2^- on March 25th. 



Maximum. 



75 M. M. Time. 



Minimum. 



75 M. M. Time. 



Ranffe. 



D 
H 
Z 



48/4 

62. 6 mm. 
92. 4 mm. 



h m 

Mar. 24, 15 00 

" 24, 16 28 

24, 19 17 



3i.'5 

14. I mm. 

61. omm. 



h m 

Mar. 25, 22 48 

" 25, 9 52 

" 24, 12 32 



16.^9 

48. 5 mm. or 76 7 

31.4 mm. or 457 



9. Moderate disturbance. Began suddenly at 9^ 40*n on April 8th 
and ended about 5** on April 12th. 



Maximum. 



75 M. M. Time. 



Minimum. 



7S M. M. Time. 



Range. 



D 
H 
Z 



50/4 

67. o mm. 
94- 5 Jnm. 



Apr. 



h m 

9. 13 39 
8. 15 12 

10, 17 54 



33/0 

03. o mm. 
60. o mm. 



h m 

Apr. 9. 2 07 

" 10, lo 19 

" 10, 12 31 



17/4 

64. o mm. or 100 7 

34. 5 mm. or 497 



TO. Moderate disturbance. Began about 9^- on April 21st and ended 
about I** on April 26th. 





Maximum. 


75 M. M. Time. 


Minimum. 


75 M. M. Time. 


R&nge. 


D 
H 
Z 


50/9 

52. mm. 

84. mm. 


h m 

Apr. 23, 12 44 

" 21, 23 14 

" 23, 21 38 


34.'9 

07* mm. 
54. 5 mm. 


h m 

Apr. 24, 2 32 

^' 23, 10 34 

" 21, II 20 


l6.'o 

44. 4 mm. or 697 

29. 5 mm. or 427 



II. Moderate disturbance. Began suddenly at 8^ 4o«»- on April 
28th and ended about 18^- on April 30th. 



Maximum. 



75 M. M. Time. 



Minimum. 



75 M. M. Time. 



Range. 



D 
H 
Z 



48/4 

64. 7 mm. 
50. o mm. 



h m 



Apr. 28, 14 52 
" 28, 17 19 
" 28, 17 55 



24.^1 

18. 6 mm. 

21. 6 mm. 



h m 

Apr. 28, 20 42 

" 29, 10 41 

" 28, 21 25 



24/3 

46. 1 mm. or 72 7 

28. 4 mm. or 41 7 



W. F. Walus, Observer in Charge, 
U. S. Coast and Geodetic Survey y 
Cheltenham, Md, 
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SOME ATMOSPHERIC RADIOACTIVITY OBSERVATIONS MADE 

AT WASHINGTON. D. C, SHOWING PRESENCE OF 

THORIUM IN THE AIR. 

(Preliminary Communication. i) 

By J. E. BURBANK. 

Since the discovery by Elster and Geitel of the induced radioactivity 
obtained on a negatively charged wire when exposed in the free air^ 
several investigators have carried out similar observatiofis. The re- 
searches of Elster and Geitel showed an induced radioactivity, which 
decayed at approximately the same rate as that obtained from radium. 

Rutherford and Allen,' at Montreal, carefully investigated the rate of 
decay for a wire exposed in the open air, and found that the radioactivity 
thus resulting decreased to one-half value in about forty-five minutes, 
whereas the radium-induced activity does not decrease very regularly 
until after about two hours, and then decays exponentially, falling \x> 
half- value in twenty-eight minutes. Allen' has since confirmed his 
previous observations. 

Bumstead,^ at New Haven, found that for a three-hour exposure in 
the open air from three to five per cent of the induced radioactivity was 
due to thorium, and that for a twelve-hour exposure the thorium activity 
was sometimes fifteen per cent of the whole. With a long wire, the 
decay of the excited activity could be followed for days, and after the 
first few hours the activity decayed exponentially, falling to half-value in 
approximately eleven hours, the rate of decay being hence the same as 
that of thorium-induced activity. An examination of the ground-air at 
New Haven by Dadourian* indicated an induced radioactivity of a slower 
rate of decay than that due to the combination of radium and thorium. 

The writer,* in 1905, found evidence of thorium-induced activity in 
the air at the Geophysikalisches Institut, Gottingen, Germany. After a 
few hours, the activity decayed according to an exponential law, falling 
to half value in about eleven hours. It was clearly shown that the 
amount of thoriumactivity increased with the time of exposure of the 
wire. 

Quite recently similar observations have been made at the city 01 
Washington, and while the investigation is still in its initial stage, it 
may be of interest to mention some results already obtained. The 
observations were made with the Elster-Geitel apparatus, using an 

1 Informally presented at meeting of the Philosophical Society of Washington, 
May 19, 1906. 

•Phil. Mag., Dec., 1902. 
sphil. Mag., Feb., 1904. 

* Am. J. Sci., New Haven, Conn., July, 1904, v. xviii. pp. i-ii. 

* Am. J. Sd., New Haven, Conn., Jan., 1905, v. xix, pp. 16-23. 

* PhjTsik. Zs., June, 1905, 6 Jahrg. No. 14, pp. 436-438- Abstracted in Terr. Mag.,, 
vol. xi, p. 60. 
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aluminum leaf electroscope, which was carefully calibrated at the Bureau 
of Standards on May 2, 1906. The natural ionization current in the 
ionization chamber, plus the leakage, was observed before inserting the 
radioactive wire, and again immediately after removal. In no case did 
this cause a fall of potential of the charged cylinder of more than one 
volt in fifteen minutes. All the observations were corrected for this 
effect. The intensity of the activity A was computed according to the 
notation of Elster and Geitel, namely, where one meter of wire causes a 
fall of one volt per hour in the potential of the charged cylinder, A= \, 
The wire was charged from the negative pole of a dry pile, at about 2,000 
volts potential. The first observation was made out of doors, near the 
Zoological Park, and the others in the office of the Department Terres- 
trial Magnetism of the Carnegie Institution. 
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Exposure No. i was for three hours, on April 27th, ending at 1:30 
p. m. ; barometer about 29.74 inches ; weather clear. A at ten minutes after 
removal = 63.0. For decay curve, see Fig. No. i(xxxxx) where 
the curve of decay (curve R) for radium- induced activity is given along- 
side. As will be seen, the decay for this exposure is in good agreement 
with that for radiumactivity. 

Exposure No. 2 was for twenty-seven hours, ending May 17th, at 7:40 
p. m.; barometer, 30.2 inches; A at 10 minutes = 22.4. The decay of this 

activity was observed for thirty-eight hours. See Fig. No. 2 ( ). 

The first three hours are also plotted as curve No. 2, in Fig. No. i. 

Exposure No. 3 was for forty-one hours, ending May 21st, 8:40 a. m. ; 
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barometer rising (0000) slightly from 30.1 to 30.2; A 2X \i 
minutes = 20.1. See Fig. 2. 

Fourth exposure was for twenty-two hours, ending May 24th, 8:30 
a. m. ; barometer from 30.2 to 30.1, falling; A at 12 minutes = 23.1. 
See Fig. 1(00000). 

In Fig.No. I, the abscissae represent time in minutes after the end of 
exposure, and the ordinates are arbitrarily chosen according to a method 
used by Elster and Geitel,^ so that each series of observations has a 
common ordinate at thirty minutes after end of exposure. The remain- 
ing ordinates of each curve are reduced proportionately. The theoret- 
ical curve of decay of radium-induced activity, curve R, is then drawn to 
the same scale. It is evident at once, that for the short exposure No. i, 
the decay curve is approximately that due to radium, but for exposures^ 
Nos. 2, 3, and 4, after the first hour, the decay is much slower than for 
radium. Irregularities will also be noted during the first few minutes.^ 

In Fig. No. 2, the abscissae represent the time in hours, the ordinates 
being chosen arbitrarily, as in Fig. No. i. The slow rate of decay is clearly 
shown after the first six hours. The mean curve (full curve in Fig. 2) 
does not exactly represent all the observations, since all exposures do 
not necessarily obtain the same percentage of thorium. This is quite 
clearly shown by comparing No. 4, an exposure of twenty-two hours, 
with No. 2, an exposure of twenty-seven hours. 

It is to be borne in mind that the emanations of radium and thorium 
must be present in order to obtain their induced radioactivities. Since 
the radium emanation decreases slowly in intensity, falling to half-value 
in about 3.4 days, while that of thorium falls to half-value in about one 
minute, we should expect to find radium-induced activity very widely 
distributed, whereas that from thorium we might expect to observe only 
in certain localities. 

Department Terrestrial Magnetism, 
Carnegie Institution, Washington, D. C, 

'Archives des Sci. Phys. et naturdles, Jan., 1905, v. xix, pp. 5-30. 
'For similar experiences, see Rutherford's Radioactivity, second edition, 1905^ 
p. 309. 
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RECENT PAPERS IN ATMOSPHERIC ELECTRICITY. 

ABSTRACTBD by J. E. BURBANK. 

OockeVs OhservaHans of Atmospheric Electricity During the Solar Eclipse 

of August 30, 1903} 

These observatioiis were made in Vinaroz, a Spanish city on the Mediter- 
ranean coast. The Hermitage was used as place of observation, a castle-like 
building on a hill lying about 6 kilometers from the sea and from the city, 
altitude being approximately 120 meters. The following quantities were 
measured : 

I. Potential fall, by Exner^s method, in the middle of a court of about 
1000 sq. meters area, surrounded on two sides by buildings and on the re- 
maining two sides by a low wall ; 

U. The dispersion, according to Schering*s method, in a covered way on 
one side of the court ; 

lU. The ion content, according to Ebert's method, on a balcony of the 
principal building l3dng next the court 

Measurements extended over the 28th, 29th and 30th of August On the 
29th the sky was cloudy with a North wind and sinking barometer. On the 
forenoon of the 30th, clear and rising barometer ; about 10 a. m. some cumulus 
clouds appeared on the horizon, wind strength 4 (Beaufort scale). About 12 
there developed in the west a cumulus bank which rapidly rose and covered 
the Sun with a thin layer about the time of beginning of totality (iii i7<"). 
During the period of totality (3°^ 46*) the corona was twice completely visible. 
About 2 o'clock it cleared up slightly, but later the sky was entirely covered. 
The temperature diminution during the eclipse was about a half degree. 

The potential fall at first was read every quarter of an hour from 1245 to 
1:05, every minute from 1:05 to 1:25, every 5 minutes from 1:25 to 145, and 
later at greater intervals. The potential rose during the forenoon from 80 
volts per meter to 95 at 1:00 ; it then sank and oscillated about 80, except for 
the reading at 1:05, when it read 68. At 1:18, one minute after totality began, 
the value rapidly rose to 90 and rapidly fell back again to 80 and below. It 
remained almost constant until nearly 3:00 when it rose to over 100. 

It is to be noted that q from the dispersion observations during this time 
followed approximately the same path as the potential, decreasing about 
3:00 p. m., when the cloud layer became denser, while at this time the poten- 
tial rose although the clouds were not very far distant. 

IGOCKBL, A. Phys. Zs. 1905, 6 Jahrg. No. 19, pp. 617-618. 
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With Ebert*8 ion counter it is not possible to follow the rapid changes 
in the ionization. The values after the close of the eclipse were the same 
as before, namely — .442 and +430 electrostatic units per cubic meter. The 
dispersion coefficient o-. varied irregularly between 0.5 and 0.6, a+ fell con- 
stantly from a66 at 10:30 to 0.50 at 1:30, and then rose to 0.56 at 3:00. 

The variations of the potential and of q are explained on the ground of 
a diminution in the number of negatives ions. 

In Freiburg, Switzerland, thick cumulus clouds covered 0.9 of the sky. 
Mrs. Gockel observed the potential which rose during the morning to the 
value 100, then oppositely to the normal daily variation it rose at 1:25 rapidly 
to 150, then sank slightly but rose again shortly before the beginning of 
maximum obscuration at 2:19; when the Sun was f covered it read 170; at 
2:30 it had fallen to 125 and then rose anew to 185 at 3:00, and to 300 at 3:30. 
About 4:00 it sank to no. The readings consisted of five one-minute readings 
taken at intervals of 15 minutes from first to last contact, during the rest of 
the day the readings were made hourly. 



Nordfnann*s Observations of the Ionization of the Atmosphere during the 
Total Eclipse of August 30, tgos? 

These observations were made at Philippeville, in Algiers, by an expedi- 
tion under the auspices of the " Bureau of Longitudes," which made deter- 
minations of the magnetic elements, the electric field and the ionization of 
the air. Only a few of the results of the ionization are given in the present 
paper. 

The instruments were installed on the summit of Djebel Skikda, a point 
on the sea coast, and about 160 meters above sea leveL This place was selected 
because of a continuous sea breeze during the day, and it was thought that 
this would eliminate the direct effect of radioactive emanations coming from 
the soil. The observations were to have included both positive and negative 
ions, but the instrument for negative ions was injured, and observations were 
confined almost exclusively to positive ions. Comparative measurements 
showed that the content of negative ions was of the same order of magnitude 
at the place of observation. 

The photographic registration operated regularly for three weeks. The 
content of positive ions at the place of observations was relatively high and 
of the order of 100 ions per cu. cm. This number is subject to very great and 
very rapid changes comparable to those of the potential of the air. The night 
curves, when the land breeze blows, present no regularity, while the day 
curves, with sea breeze, have a regularity depending on the cloudiness and 
transparency of the air. In fine weather with transparent atmosphere, there 
appears to be a diurnal variation of small amplitude with a maximum shortly 
after noon, and minima about the time of rising and setting of the Sun. Ion- 
ization is greater the more transparent the air and the more intense the solar 
radiation. 

'NORDMANN, Charlbs. Sur certsines experiences relatives & rionitation de 
ratmospb^re, ex^cut^es en Alg^^rie & roccasion de I'^lipse toUle du 30 aodt 1905, 
presentee par M. Loewy. Paris, C. R. Acad. Sci. 1905, Dec. 4, v. CXLI, No. 23, pp. 
945-948. 
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The eclipse took place from I2h 40m to ^ i6n» local mean time, totality 
occurring 2^ o™ to a** 3™ 30». The entire day until 5 p. m. was remarkably 
fine with a steady sea breeze. The ionograph curve presented in the morn- 
ing and up to the time of the eclipse the ordinary course of a fine day, con- 
sisting of a uniform rise ; about 45 minutes after first contact it began to in- 
dicate an important depression of which the minimum occurred very nearly 
40 minutes after totality, followed by a gradual rise in such a way that the 
curve took the usual course about 20 minutes after last contact The follow- 
ing table gives an idea of the amplitude of the effect : 

Phases of Eclipse First 

Contact 
Local Mean Time 

P. M., . . . . lb Om Oil 4im 1h 15m 1h 30m 
Ordinates of curve 

arbitrary scale, S3 €5 6S €1 

It appears that the eclipse had a sensible effect on the content of the pos- 
itive ions in the atmosphere agreeing with the hypothesis that the solar radi- 
ation is one of the factors either direct or indirect in the ionization of the 
atmosphere, which is in accordance with the ideas of Lenard and Elster and 
Geitef. The retardation of minimum of the curve in relation to the astro- 
nomical phases is moreover in agreement with what this theory would indi- 
cate. 

The Elster-Geiiel Dispersion Apparatus and a Quantitative Research in 
Absolute Dispersion Measurement} 
The first part of this thesis deals with the " free " and " saturation cur- 
rents " and the application of Coulomb's law to the well-known Elster-Geitel 
dispersion apparatus. 

It is first shown that the loss of charge of the dispersion cylinder should be 

given by the formulae ^ = (Z -\- C) ^ when e is the charge of the cylin- 
d t d t 

der, Kits potential, (e — Z V) , and Z its capacity, C being the capacity of 

the electroscope. If Coulomb's law holds, ^' -A is * constant and = a, 

e d t 

the dispersion co-efficient Hence, (i)a= i: ^ _ ll ,? ^ ^ ; inte- 

e d t Z V, a t 

grating we get (2) , a = "^ - — L_- log (nat) ^ • IfCoulomVslaw 
C t^ — *\% ^\ 

does not hold, -^ ' ^7^ is not constant and in place of a in formulse (2) re- 

e d t 

suits, — L^ r/» adt. 



U-k Jk 



If the current ^ --. {Z+C) ^J^ be taken as ordinate and the po- 
tt / d t 

tential v as abscissa, then " saturation " currents give straight lines approxi- 
mately parallel to the abscissae, inasmuch as an increase of Kcan not increase 

8 ScHBRiNG, Harald: Der Blster-Geitelshe Zerstreuungsapparat und ein Ver- 
such Quantitativer Absoluter Zerstreuungsmessung. Inaugural Dissertation. Gott- 
ingen, 1904. 8vo, 47 pp. 
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the currents. If the currents follow Coulomb's law or are "free currents,** 
then the straight lines go through the origin. An exhaustive series of obser- 
vations showed that the currents with the dispersion apparatus when no pro- 
tecting cage is used are partly free currents and partly saturation currents. 
With the protecting cage, the currents are nearly all saturation currents. 

The author defines the free current per unit of area at any place be- 
tween the electrodes as equal to the product of the ionic charge, the 
specific ionic velocity and the specific ionic density, for both kinds of ions, 
multiplied by the field strength at the place in question. The ionic density 
is not influenced by the current. The free current is proportional to the field 
strength and to the surface density on the electrode. The product of the 
ionic charge, the specific ionic velocity and the specific ionic density is the 
specific conductivity of the ionized gas, a quantity of great importance in at- 
mospheric electricity. If the electric field be increased a point will be reached 
at which the supply of ions is just sufficient to maintain a current of definite 
magnitude and approximately all the ions entering the space per unit of time 
are used in carrying the current. With increasing field strength the current 
now remains constant and is known as the saturation current. 

If the field between the electrodes is very irregular, as is the case of the 
dispersion apparatus without a protecting cage, then in some places there 
are free currents and in others saturation currents. When the protecting 
cage is grounded the dispersion measures only the current of the ions of one 
sign. It is very difficult to determine the relation between the free and satura- 
tion currents. 

The results of this investigation are that Coulomb's law does not hold 
for the Elster and Geitel apparatus, and that the dispersion coefficient has no 
exact relation to the specific ionic density or specific ionic velocity. The 
current in the dispersion apparatus with the protecting cage is nearly all sat- 
uration current because of the small ionization in the cage. Without the pro- 
tecting cage, free and saturation currents are both present. The Elster-Gei- 
tel apparatus which has given such valuable results of a general nature is not 
suitable lor quantitative measurements. 

Part II contains an investigation of quantitative dispersion measure- 
ments. For this purpose a sphere of 5 cm. radius was suspended by a silk 
thread 50 cm. long. This thread passed through a 4 millimetre opening in the 
sphere and was attached to a special hard rubber insulator inside the sphere. 
This arrangement of insulator, does not aflect the capacity of the sphere and 
gives exceptionally good insulation, not being appreciably aflected by dust 
or moisture. Temporary connection was made between this insulated sphere 
and an electroscope by means of a fine wire to determine the potential before 
and after the exposure. The capacities of the sphere, the electroscope and 
the conducting wire and the divergence of the electroscope leaves give the 
necessary data for determining the potentials V^ and V^ of the insulated 
sphere. Applying the ordinary dispersion coefficient formula a can be deter- 
mined. A connecting wire of very small capacity was used. 

The results of these observations when plotted as described above gave 
straight lines passing through the origin, showing that the current was all 
free current A larger sphere 10 cms. radius gave partially saturated currents. 

A series of observations on different days with dispersion cylinders of 
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zinc, lead, aluminum, brass and galvinized iron showed that lead had a much 
higher dispersion coefficient than the others, all of which agreed within the 
errors of observation. A theoretical treatment of the dispersion from a nega- 
tively charged sphere is given showing that a~ = 4«'«/^ when u is the spe- 
cific ionic velocity in electrostatic units, p the specific ionic density and e the 
ionic charge. If a is measured for one second of time and the right-hand term 
be divided by 4*- the result is the unipolar specific conductivity of the air 
in absolute units. For a positive charge a+=: ^vv n e\ n is the specific 
ionic density of negative ions. This was proved experimentally by measur- 
ing ne and pe by Ebert's ioncounter and these results used to compute u 
and V, the specific ionic velocities. The velocities thus obtained were in good 
agreement with results obtained by other methods. 

The results of this investigation show that the dispersion coefficients in 
the free atmosphere are considerably larger than one would expect from 
measurements with the Bister and Geitel apparatus. It was possible to 
arrange the ratio of the capacities of the electroscope and dispersion sphere 
so that 5 minutes was a sufficiently long exposure. 

A difficulty in the way of making the apparatus transportable is that of 
providing a suitable protecting cage, which is necessary not only to guard 
against changes in the earth's field, but to act as an outer electrode and pro- 
vide a well-defined potential difference between itself and the dispersion 
sphere. The values of the dispersion coefficient a for a dispersion body of 
100 cm. capacity, charged to 200 voits was about 0.05 per minute correspond- 
ing to a current of 2X10*" amperes. It 'is suggested that continuous regis- 
tration of the conductivity of the air could be obtained by a sensitive Da 
Bois-Ruben's galvanometer in connection with a suitable insulated disper- 
sion cylinder. 

NOTE REGARDING PORTRAIT OF GAUSS. 

The portrait of Gauss published in this issue was prepared from a 
photograph kindly furnished by Professor Karl Schwarzschild of the 
University of Gottingen. 

The photograph was taken from the portrait of Gauss, which orig- 
inally belonged to the well-known founder of the "Astronomische Nach- 
richten," Schumacher, who published it in the said periodical for the 
year 1828; it probably represents Gauss between the ages of forty-five 
and fifty years. The original portrait next passed, by inheritance, into 
the possession of the astronomer, Peters, of Konigsberg, who in turn pre- 
sented it to the Library of the University of Gottingen. 

A biographical sketch appears in the next issue. L. A. B. 
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SOPRA LE PERTURBAZIONI MAGNETICHE DOVUTE AL 

TERREMOTO BELLA CALABRIA DELL' 

8 SETTEMBRE 1905. 

NOTA DI G. B. Rizzo (Mbssina.) 

I. 

Lo studio dei fenomeni mag^etici che accompagnano spesso i 
movimenti del suolo offre il piti grande interesse e moltissimi inves- 
tigatori se ne sono occupati (i). Le numerose osservazioni rac- 
colte intorno a questo argomento dimostrano che talvolta, in occa- 
sione di forti terremoti, anche le calamite degli apparecchi mag- 
netici fanno delle oscillazioni piti o meno ampie intorno alle loro 
posizioni d'equilibrio; anzi. stando a qualche osservazione isolata, 
come quella, che si ricorda spesso, del P. Eschinardi (2), si produr- 
rebbero anche delle variazioni permanent! negli elementi del mag- 
netismo terrestre. Ma, senza negare in modo assoluto che cio* sia 
possibile, sembra piti raginevole ammettere che queste supposte 
variazioni permanent! siano dovute a qualche cambiamento acci- 
dentale awenuto nella disposizione dello strumento durante la 
scossa. 

Per ci6 che riguarda le variazioni temporanee del magnetismo 
terrestre, che accompagnano i movimenti del suolo, queste possono 
essere apparent! o reali : nella prima ipotesi gli elementi magnetic! 
non sono punto modificati dal terremoto e, se la registrazione foto- 
grafica della posizione dei magnet! presenta della oscillazioni, ci6 
awiene perch^ i magneti medesimi, che sono mobili intorno alia 
loro posizione di equilibrio, si comportano come sismoscopi molto 
sensibili e in tal caso Tazione della scossa h soltanto meccanica. Ma 
pu6 anche accadere che in occasione di terremoti vi siano delle reali 
perturbazioni del campo magnetico terrestre, le quali siano dovute 
a correnti telluriche o atmosferiche, od anche, come pensano alcuni, 
I 113 
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a spostamenti di masse mag^etiche. Vi ^ poi un'altra specie di 
perturbazioni magnetiche e sono quelle che si manifestano in occa- 
sione di grandi eruzioni vulcaniche, come h awenuto neireruzione 
del M. Pel6e, poich& allora furono perturbati quasi tutti gli stru- 
menti magnetici d'Europa, mentre nessuno dei sismografi registr6 
alcun movimento del suolo. 

Lo studio di codeste perturbazioni pu6 recare luce intorno alia 
natura dei movimenti sismici e dello stesso magnetismo terrestre; 
percio, avendo raccolto alcune importanti osservazioni su questo 
argomento, in occasione del terremoto della Calabria dell* 8 settem- 
bre 1905, credo utile raccoglierle in questa nota. 

Pola=\, R. Ufficio Idrografico-Sezione geofisica, (Cap. W. 
Kesslitz). 
<^=44^52'; X=55'°23»; flf=698 km.' 
II giorno 8 settembre 1905, fra le ore i e 2, le curve magne- 
tiche non mostrano alcuna traccia di perturbazione. 

(9'-Gya//a=R. Osservatorio centrale di Meteorologia e Mag- 
netismo terrestre derUngheria. (N. Konkoly v. 
Thegejr.) 
<^^47® 53'; X=i*» i2'°46» ; flf=i020 km. 
Vi sono due notevoli perturbazioni, una del bifilare e Taltra 
nel declinometro, entrambe a foggia di > , le quali principiano ri- 
spettivamente a i** 54"* e i** 57"* e terminano a 3** 19" e 3** 21". 

Secondo le indicazioni del pendolo orizzontale i primi tremiti 
preliminari furono registrati a 1*^45"* 00^; e la fase principale si 
inizi6 a i**48"*,o, presentando il massimo a i** 49^,4. 

Monaco, ^az//Vra=Osservatorio di Magnetismo terrestre e Sta- 
zione sismica (Dott. F. D. Messerschmitt.) 
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Le curve presentano un andamento tranquillo e le perturba- 
zioni sono da ascriversi a movimenti meccanici (Dr. F. D. M.). 

1 Indico con d la distanza di ciasenna stazione dall' epicentro della scossa^ che 
ha le coordinate : ♦=38°5</; A-»ih 4m 24s. 
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La fase principale del movimento sismico incomincia a 

7<7r/^fa=Osservatorio dell* Ebro (R. Cirera). 

<^^40°49'; X^20"oo» ; flf=i347 km. 
II movimento microsismico fu pure registrato dagli apparecchi 
magnetlci del modello del Mascart, specialmente dal bifilare. Questo 
presenta due period! ben distinti ; di cui il primo ^ piti intenso. La 
durata delle oscillazioni registrate dal bifilare ^ di 15 minuti: il 
principio e la fine eel movimento sismico non sembrano registrati 
dagli apparecchi magnetici. 

Pi^tsdam^=^t,z\ou^ magnetica del R. Istituto Meteorologico 

Prussiano (Ad. Schmidt). 

<^=52®23'; X=52°^i6» ; flf=i526 km. 

Tanto sulla traccia del bifilare, quanto su quella del declinom- 

etro vi sono due ampie perturbazioni a foggia di > , che incomin- 

ciano rispettivamente a i*» 48^,3 e i*>49",2 e finiscono a 2** 43*^,8 e 

Secondo le informazioni del R. Istituto geodetico, la fase prin- 
cipale della registrazione del pendolo orizzontale oscillante nella 
diresione N-S incomincia a i^49"o6* . 

/\iri^f=Osservatorio magnetico di Parc-S.-Maur a Val Jo- 
yeux (Th. Moureaux). 
<^=48''49'; X=8~02» ; ^^=1581 km. 

Le curve degli strumenti magnetici presentano molto netta- 
mente le tracce del terremoto Calabria. II bifilare fu perturbato in 
modo speciale: si ha una prima debole oscillazione a 1*^52", una 
piii forte a i** 56"* e una terza, che fu la piti ampia di tutte, a i*^ 58*". 

Le oscillazioni furono meno ampie nel declinometro e appena 
percettibili nella bilancia. 

A Parigi non vi erano in funzione strumenti sismici ; ma sicco- 
me a Gottingen (km. 1492) e a Uccle (km. 1618) si ebbe rispetti- 
vamente il principio della fase principale del movimento sismico a 
I** 50", 7 e I** 49"*,9i si pu6 ammettere che la registrazione magnetica 
di Parc-S.-Maur coincide colla fase principale del movimento sis- 
mico. 

Utrechi=Vi. Istituto Meteorologico dei Paesi Bassi a De Bilt 
(Dott. E. V. Everdingen jr.). 
4^=52^05'; X^20"3i; d=i7oi km. 

II bifilare presenta una perturbazione, nella quale si distin- 
guono nettamente sette massimi alle ore seguenti : 

i»»46~5 I'^so^s i^52",5 I*" 53" 5 i*'54"'.5 i*59".5 2^03",5 
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II prindpio della registrazione sembra corrispondere a i^ 45°^>3« 

II diagramma della declinazione presenta un movimento che 
incomincia a i**52™,5 con una elongazione massima a a^^oi^.s- 

Un*altra serie di strumenti con magneti piii pesanti e a regi- 
strazione intermittente non di gli istanti delle diverse fasi; tuttavia 
^ notevole che in questa serie di strumenti Toscillazione incomincia 
tanto sul declinemetro, quanto sul bifilare e anche suU* apparecchio 
per la componente verticale, a i** 52",5. 

Air Istituto di De Bilt non si ebbero registrazioni sismiche; ma 
ad Uccle (distanza km. 6i8) e ad Amburgo (km. 1703) si ebbero 
rispettivamente i primi tremiti a i**46*"38" e i**46"*55" , con le fasi 
principali a i^49°^52* e i^5o"39* . 

Sembrerebbe pertanto che le registrazioni magnetiche siano 
incominciate a Utrecht quando vi giunsero i primi tremiti prelim- 
inari del movimento sismico ; anzi si direbbe che le medesime fossero 
incominciate circa un minuto prima dei tremiti preliminari; ma, 
come vedremo in seguito, in questo punto vi deve essere stata 
qualche causa di errore. 

Wilhelmshaven=Oss^rv2Xor\o imperiale (Dr. C. Borgen). 

<^=53''32'; ^=32^35" ; ^=i746km. 

Nella traccia del declinometro e in quella del bifilare si distin- 
guono molto bene due perturbazioni ; nella prima da i*> 51*^,4 a 
i*» 56",9 e nella seconda da i^5i*°,9 a i** 54^,9. 

Nell* osservatorio non vi sono strumenti sismici ; ma ad Amburgo 
(km. 1703) la fase principale della registrazione ebbe principio a 
i^5o'"39*, perci6 si pu6 dire che la registrazione magnetica di 
Wilhelmshaven corrisponde alia fase principale del movimento 
sismico. 

Z,^?ni/ra=Osservatorio Reale di Greenwich. 

Per quanto si pu6 vedere, le curve magnetiche del giomo 8 
settembre non mostrano alcuna perturbazione che si possa attri- 
buire ad un terremoto. 

Richmond =^l.fi\iox?XoTio Nazionale di Fisica — Osservatorio di 
Kew (C. Chree. Sc. D., F. R. S.). 

<^=5i^28'; X=i°>i5»W; flr=i900km. 

Ecco le preziose informazioni favoritemi dal Signor Chree : la 
curva del declinometro mostra un movimento oscillatorio anormale 
intorno a i^ 55"* : i particolari sono troppo deboli, anche nella curva 
originale, per apparire chiaramente; ma si vede che il magnete 
oscill6 almeno per cinque minuti. Nello stesso tempo la curva 
della componente orizzontale mostra un debole allargamento. 
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Le curve dell* Osservatorio di Kew sono esposte alle pertur- 
bazioni dei trem elettrici e ne viene specialmente disturbata la com- 
ponente verticale. Ora, siccome su questa non si vede alcuna sen- 
sibile perturbazione alle ore i**55", cosi difficilmente si potrebbe 
attribuire ai tram la perturbazione provata dall' ago del declinometro 
in quell' ora. Certamente non fu quello un movimento magnetico 
normale (e come conferma si pu6 osservare che le curve magne^ 
tiche di Falmouth, in quell' ora, non presentano perturbazione di 
sorta) perci6 vi sono ragioni sufficenti per ammettere che il movi- 
mento fu di natura sismica. £ devo anche aggiungere, dice il 
Chree, che io non ho mai veduto un simile movimento nelle nostre 
curve della declinazione, neppure quando il nostro sismografo ha 
registrato le piti ampie oscillazioni : certamente vi h stata una coin- 
cidenza nel periodo delle vibrazioni. II sismografo di Milne in 
quella notte non era stato ben preparato e la registrazione riusci 
incompleta, ma dal la traccia che vi si scorge sembra potersi rilevare 
che il massimo del movimento si ebbe appunto a i** 55°*, ciofe venne 
a coincidere col tempo della perturbazione sul la curva della dec- 
linazione. 

5/iwy^«rj/ = Osservatorio dello ,, Stonyhurst College,, (W. 
Sidgreaves S. J., F. R. A. S.). 

*=53*'5i'; X=9«53»W. 

Le curve dei magnetografi, per il giomo 8 settembre, non pre- 
sentano che le tracce dei soliti piccoli movimenti. 

Pawlowsk==O^JS/^rwzX.or\o magnetico e Meteorologico (V. C. 
Dubinsky). 

^=59^41'; X=2»>25"44". 

L* osservatorio ha sospeso le osservazioni sismiche, perch^ se- 
condo r awiso della Commissione Centrale dell' Accademia delle 
Scienze di Pietroburgo, perlo studio dei movimenti del suolo nella 
regione sono suflScienti le osservazioni fatte a Dorpat (Jurjew). Ma 
il magnetografo, che ha presentato talora dei movimenti straordi- 
nari dei magnet! a cagione dei terremoti, il giomo 8 settembre non 
rivel6 alcuna traccia di sifiatte perturbazioni. 

Oltre a queste notizie, di cui la maggior parte furono accompa- 
gnati dai diagrammi degli apparecchi magnetici, che ho raccolti 
nella tavola P , ho ricevuto anche tutte le indicazioni che si rifer- 
iscono agli Osservatori Magnetici seguenti : 

•S. Fernando (Thomas de Azcdrate). 

JekaUrinburg (H. F. Abels). 

Taschkent (M. Ossipoff). 
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Toronto-Agincaurt (R. F. Stupart). 

Cordoba-PUar (W. G. Davis). 

Isola MauHtius (T. F. Claxton, F. R. A. S.) 

Bombay-Colaba (N. A. F. Moos). 

Schanghai-Zi'Ka-WH (P. L. Froc, S. J.) 

Batavia-Buitenzorg (Dr. S. Figee, Dr. W. van Bemmelen). 

In nessuno di questi osservatori venne registrata qualche per- 
turbazione magnetica, che si possa attribuire al terremoto della Ca- 
labria, e, perchfe la differenza riesca piii manifesta, ho anche ripro- 
dotto, nella tavola 11^ , alcuni dei diagrammi ottenuti in questi 
Osservatori. Anche il Capitano Thomas, direttore del servizio 
magnetico nelle Provincie unite dell' India, mi ha comunicato che 
il terremoto della Calabria non fu registrito in alcuno degli Osser- 
vatori posti alia sua dipendenza. 

Sembra strano che non siasi registrata alcuna perturbazione 
magnetica nell* Osservatorio deir Istituto idrografico di Pola, dove 
pure erano state nettam^nte registrate le perturbazioni dovute alia 
eruzione della Martinica nel maggio 1902, (Met. Zeit., Bd. 19, 316, 
1902). Ma la ragione deve ricercarsi, io credo, nella probabile 
differenza fra il periodo di oscillazione dei magneti di Pola e il 
periodo della oscillazione sismica in quel punto. Come neir Os- 
servatorio di Kew, che trovasi al limite della superfice in cui fu- 
rono visibilmente perturbati i magneti, si ebbe tuttavia la piii ampia 
oscillazione che mai si fosse osservata, perchfe la due oscillazioni 
dovevano avere lo stesso periodo, cosi & mancata la registrazione a 
Pola, perchfe i periodi erano differenti; e non & fuori di proposito 
osservare che, a brevissima di stanza da Kew, non furono perturbati 
i magneti di Greenwich, per i quali, come dobbiamo supporre, 
mancava Taccordo fra i periodi di oscillazione. E probabilmente 
per la mede sima ragione non venne registrata alcuna perturbazione 
magnetica a Uccle. 

Determiniamo ora la velocity con cui si propagarono le pertur- 
bazioni magnetiche dovute alia scossa di terremoto ; e dalla velo- 
city potremo dedurre qualche criterio per giudicare della natura di 
codeste pertubazioni. Dell* esame delle perturbazioni osservate si 
vede che, entro i limiti degli errori accidental!, le pertubazioni 
prodotte dalla scossa di terremoto coincidono colla fase principale 
del movimento sismico. 

Abbiamo una sola eccezione ed & quella di Utrecht, dove il primo 
massimo si sarebbe ottenuto'a i*'46",5, e, considerando il prin- 
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cipio della perturbazione, si pu6 attribuire al medesimo 1 * ora 
i^45™,3; ciofe sarebbe incominciata la perturbazione circa i"* prima 
che giungessero i tremiti preliminari, a giudicare dagli istanti in 
cui i medesimi furono registrati a Uccle e ad Amburgo. 

I^a velocity media di propagazione della pertubazione mag- 
netica, determinata come il rapporto fra la distanza di questo Osser- 
vatorio dair epicentro e rintervallo di tempo trascorso dair istante 
della scossa, sarebbe di 13,5 km. al secondo, ed cio^ sarebbe note- 
volmente maggiore della velocity media, con cui si propagano i 
primi tremiti preliminari fino alia distanza di 1700 km., essendo 
questa poco diversa da 8 km. al secondo. L'osservazione di Utrecht 
porterebbe pertanto a concludere che ci troviamo dinnanzi a un 
fenomeno diverso da un' azione semplicemente meccanica, cio^ di- 
mostrerebbe che la pertubazione dei magneti fu prodotta da una 
reale variazione degli elementi del campo magnetic© terrestre prop- 
agatasi con g^ande velocity dair origine della scossa. 

Ma se si osserva che la medesima pertubazione niagnetica ebbe 
principio a 1*^52™ a Parigi (km. 1581) e a i** 51^,4 a Wilhelmshaven 
(km. 1746), fra le quali indicazioni vi & sufificiente accordo, tenendo 
conto delle circostan.se che possono influire sulla esatta determina- 
zione del tempo nei diag^ammi magnetici.si deve ammettere che nelle 
ore segnate per Utrecht vi & qualche errore, oppure che la prima 
parte della perturbazione quivi registrata non fe dovuta alia medes- 
ima causa che ha prodotto le altre. E questo sembra tanto piii proba- 
bile, se si considera che nel secondo gruppo di struraenti la per- 
turbazione incomincia appunto a i^ 52*", 5. 

Laonde possiamo concludere che le pertubazioni magnetiche 
dovute alia scossa di terremoto della Calabria si sono propagate 
con la stessa velocity, con cui si fe propagata la fase principale del 
movimento sismico. Ci6 dimostra come molto difificilmente si 
potrebbe ammettere che le perturbazioni del campo magnetico 
terrestre siano dovute ad una speciale azione elettromagnetica pro- 
veniente dalla stessa origine della scossa ; ma induce la persuasione 
che dipenda invece dal movimento del suolo che si propaga a 
distanza. E questa conclusione viene anche awalorata dal fatto 
che, secondo le osservazioni piii accurate, dove sono piu evidenti le 
perturbazioni, vi fe una relazione piA semplice fra il periodo pro- 
prio di oscillazione dei magne ti e il periodo della perturbazi- 
one; e non ^ punto probabile che delle azioni elettromagnetiche 
propriamente dette, le quali si propagassero dair origine della 
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scossa, abbiano un periodo comparabile con qttello dei magneti, 
mentre a questa condizione possono bendssimo soddisfiare le oscil- 
lazioni del suolo. 

Da quanto abbiamo detto finora possiamo dedurre le seguenti 
conclusion! : 

i''. L'azione del terremoto della Calabria si & anche manifes- 
tata sopra la maggior parte degli strumenti magnetid, fino ad una 
distanza di circa 1900 km. dair epicentro. 

2°. Le ore delle perturbazioni, nei limiti degli errori acd- 
dentali, coincidono con quelle della fase principale del movimento 
sismico. 

3°. E' probabile che la perturbazione sia stata prodotta dall' 
oscillazione del suolo nel luogo d'osservazione. 

Codesta azione del movimento del suolo si pu6 transmettere 
ai magneti direttamente, cio^ per mezzo di una serie di ordinati 
impulsi meccanid, oppure anche indirettamente, modificando per 
poco tempo, secondo una ipotesi di cui parler6 in seguito, il campo 
magnetico nel quale si trovano gli strumenti. 

II. 

Le grandi eruzioni vulcaniche, nelle quali viene profonda- 
mente alterato lo stato elettrico deir aria e del suolo» e donde hanno 
origine delle correnti telluriche, sono generalmente accompagnate 
da notevoli perturbazioni magnetiche, come accadde, per esempio, 
neir eruzione della Martinica, che gi^ abbiamo ricordata, e in 
quella memorabile del Erakatoa nel 1883. Ma anche indipendent- 
emente dalle eruzioni vulcaniche un terremoto pu6 essere accom- 
pagnato o anche preceduto da perturbazioni nello stato elettrico 
deir aria e del suolo, nel regime delle correnti telluriche e quindi 
negli dementi del campo magnetico terrestre. 

E* noto il caso deir Ingegnere Zobd, il quale, neir anno 1828, 
facendo delle misure con una bussola sul fondo di un pozzo di 
miniera presso Miilheim, alia profondit^ di circa 100 metri sotto 
il suolo, ad un certo punto not6 una strana perturbazione nell* ago, 
per cui fu impedito di continiiare ; e, risalito alia superficie, seppe 
che vi era stato un forte terremoto. E' stato osservato che in 
occasione di terremoti vengono perturbate le linee tdegrafiche, e 
scrittori degni di fede parlano di fenomeni elettrici, che hanno 
preceduto o accompagnato i movimenti del suolo. 

Poco prima del terremoto di Lisbona nel 1755, improwisa- 
mente e senza alcuna cagione apparente, caddero le ancore dalle 
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estremit^ polari delle calamite a ferro di cavallo in molti gabinetti 
di fisica di Europa. Ora dfficilmente si pu6 spiegare questa dimi- 
nuzione della forza attrattiva delle calamite, che fu anche osser- 
vata altre volte, in occasione di terremoti, pensando ad un urto 
meccanico e bisogna piuttosto ammettere che vi sia stata ana 
reale perturbazione nel campo magnetico (vedi : Mario Baratta : 
Boll. Soc. Ital. IX, 86, 1890). 

Da uno studio del Milne (Seismological Observations and Earth 
Physics; Geograph. Jour., Jan., 1903) risulta che negli osservatori 
di Zi-Ka-wei, Mauritius, Utrecht, Greenwich e nel Giappone 
furono osservate delle perturbazione magnetiche di notevole in- 
tensity poco prima dei grandi terremoti. E ci6 & confermato anche 
dagli studi di Omori e Imamura e di Homma (Memorie del Comi- 
tato sismologico, Vol. 31, 3ie32) i quali hanno trovato che nel 
Giappone prima dei grandi terremoti si producono quasi sempre 
delle perturbazioni magnetiche : queste sono piii forti nel luogo 
dove sari Tepicentro e poi si awertono piii debolmente e con 
ritardo nelle stazioni via via pid lontane. 

In occasione del nostro terremoto della Calabria ^ stato osser- 
vato un fenomeno analogo. II giomo 7 settembre, cio^ parecchie 
ore prima del terremoto, un geometra che faceva delle misure con 
una bussola in campagna, nelle vicinanze di Monteleone, dovette 
interrompere il suo lavoro a cagione di inesplicabili perturbazioni 
a cui andava soggetta la calamita. E secondo testimonianze rac- 
colte per lettera ed a voce da persone a cui debbo prestar fede, nel 
momento della scossa, e anche qualche minuto pi^ tardi, si vide in 
cielo lungo il versante tirrenico della spiaggia di Monteleone una 
luce rosea che poi si dilegu6 a poco a poco. 

Tutti questi fenomeni elettrici, magnetici e luminosi che accom- 
pagnano od anche precedono i terremoti, si possono spiegare fac- 
endo ripotesi seguente. Nelle ore che precedono la scossa, e piA 
ancora neir atto della scossa medesima, gli elementi che costituis- 
cono la corazza, suUa quale si appoggiano i terreni di sedimento 
della crosta terrestre, per esempio i graniti, i gneis, etc. a cagione 
delle grandi compressioni e distorsioni a cui sono soggetti, si elet- 
trizzano dando origine a un campo elettrostatico. 

Se le roccie superficial! della crosta terrestre, con le loro falde 
acquee e col terreno vegetale che le ricopre, costituissero un con- 
duttore continuo, di capacity praticamente infinita, awolgente le 
roccie in cui supponiamo awenire Telettrizzazione, allora, nello 
stato di equilibrio, non vi potrebbe essere alcuna azione estema ; 
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ma nelle ordinarie circostanze queste condizioni non si verificano. 
Le rocce superficial! hanno solo una mediocre conducibilit^ e non 
costituiscono un sistema continuo, ma bensi degli aggregati di 
conduttori qua e li interrotti e separati da banchi o strati che hanno 
un maggior potere isolante. Nella grande variety delle circostanze 
che possono presentarsi nella pratica» possiamo distinguere due casi 
limiti, secondo che i conduttori di capacity finita, che ricoprono le 
rocce primitive elettrizzate nella deformazione, si possono conside- 
rare come isolati, oppure come comunicanti con un altro conduttore 
di capacity grandissima. Nel primo caso anche la faccia superiore 
del conduttore si elettrizza come la roccia primitiva e produce 
neir atmosfera sovrastante un campo elettrostatico, il quale, per la 
parziale conducibilit^ dell* aria, pu6 dare origine a un sistema di 
correnti atmosferiche, le quali sono capaci di perturbare il campo 
magnetico terrestre (3). Questo pu6 anche essere modificato dalle 
correnti telluriche che percorrono lo strato conduttore fin dalla 
prima separazione delle due opposte elettricit^ osopra le due sue 
facce. Ed oltre, a ci6 in quelle regioni dell' atmosfera, dove la con- 
ducibilit^ raggiunge un valore sufficiente, possono anche awenire 
dei fenomeni luminosi. Nel secondo caso, cio^ neir ipotesi che lo 
strato conduttore si debba considerare come comunicante con un 
altro conduttore di capacity infinata, allora Telettrizzazione delle 
rocce deformate induce sulla faccia inferiore dello strato una elet- 
trizzazione opposta e questi movimenti di elettriciti si manifestano 
sotto forma di correnti telluriche, le quali possono ancora pertubare 
il campo magnetico terrestre. Indirettamente si possono poi anche 
avere delle modificazioni nel regime delle correnti atmosferiche e 
quindi anche dei fenomeni luminosi. 

Secondo questa ipotesi (la quale non ha in se nulla che non 
sia in accordo coi principi generalmente ammessi) tanto i fenomeni 
eletrici e i fenomeni luminosi, che for one talota osservati in occasions 
di terremoti, quanto le perturbazioni magnetiche, che precedono od 
accompagnano i movimenti del suolo, sono prodotte dallo staio eiet- 
trico che assumono le masse primitive per la deformazione che pre- 
cede e accompagna le scosse di terremoto, 

Nel momento della scossa le oscillazioni del campo elettrosta- 
tico sarebbero evidentemente maggiori e ci6 spiegherebbe anche lo 
stato di particolare agitazione che allora invade alcuni animali ad 
anche Tanimo di alcune personne, che sono particolarmente sensi- 
bili alle azioni elettriche. 

Siccome questi fenomeni sono dovuti alia presenza di un 
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campo elettrostatico e alia parziale ionizzazione dell* atmosfera e del 
suolo, essi presentano la massima intensity neir epcentro e dimin- 
uiscono rapidamente col crescere della distanza ; ma, nella propa- 
gazione della scossa, in un punto qualunque il suolo pu6 venir 
posto in oscillazione con un certo periodo ; perci6, in determinate 
condizioni, si elettrizzeranno le rocce primitive attraverso alle 
quali si propaga il movimento e potranno ancora prodursi delle 
correnti capaci di modificare in modo sensibile il campo magnetico 
terrestre. 

Tale potrebbe essere appunto la natura delle perturbazioni 
magnetiche analizzate nella prima parte di questa nota. 

Ammettendo che le perturbazioni dovute al propagarsi di un 
movimento sismico siano prodotte dalle correnti che nascono dalla 
deformazione di alcune rocce costituenti il sottosuolo, si spiega 
come codeste perturbazioni si propaghino coUa stessa velocity del 
la fase principale del movimento sismico ; e si spiega anche Tespe- 
rienza del Moureaux, il quale aveva osservato che, pohendo vicino 
alia sbarra magnettizzata del bifilare una sbarra di ottone dello 
stesso peso, in occasione di tre terremoti questa non venne per- 
turbata, mentre il magnete fece delle visibili oscillazioni. 

Questa ipotesi spregherebbe anche un singolare fenomeno 
messo in evidenza dal Milne: gli strumenti magnetici di alcuni 
Osservatori sono piii serisibili di alcuni altri alle variazioni che si 
collegano coi movimenti sismici, e gli strumenli dell' Osservatorio 
di Toronto nel Canadi, i quali risentivano pochissimo codeste 
azioni, acquistarono una sensibility notevole, quando TOsservatorio 
Magnetico venne transportato in una nuova sede ad Agincourt, 
alia distanza di circa 15 km. dalla prima: ci6 avviene perchfe le 
perturbazioni magnetiche dipendono anche dalla natura, cio^ dalle 
propriety elettriche e magnetiche dei materiali che costituiscono il 
sottosuolo nel luogo d'osservazione. 

Lo studio di questo argomento pu6 anche avere un* importanza 
pratica : infatti, siccome fe probabile che le forti scosse di terre- 
moto siano generalmente precedute da deformazioni delle rocce 
costituenti la corazza terrestre, quando siano ben determinati i 
caratteri delle perturbazioni magnetiche che seguono quelle de- 
formazione, Tesame delle curve dei magnetometri potr^ anche per- 
mettere una previsione dei piii importanti movimenti sistimici. 
Certamente il problema della previsione dei terremoti & ancora ben 
lontano dalla soluzione ; ma per ora non si vede come vi si possa 
giungere per altra via. 
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Se ripotesi, come io credo, h giusta, avrebbe potuto avere una 
conferma nelle osservazioni magnetiche o meglio nell' analisi delle 
curve dei magnetometri registrator! in occasione del terremoto 
della Calabria ; ma, come ho detto, le azioni magnetiche dovute ai 
movimenti del suolo, per s^, non si propagano a grandi distanze, e 
in Italia, per un complesso di circostanze diverse, fra cui bisogna 
porre in primo luogo Tazione perturbatrice delle correnti dei tram 
e delle altre correnti industriali, che nelle principali citt4 impedis- 
cono le osservazioni magnetiche, in quel giomo non avevamo in 
funzione alcun magnetometro registratore e la stazione piii vicina, 
in cui si facessero delle osservazioni magnetiche dirette, era quella 
di Piacenza. 

NOTE. 

(i). Per la ricca bibliografia intomo a questo argomento vedi: 

i". Giiniher: Lehrbuch der Geophysik, Bd. I, S. 454 ; Stuttgart. 1897. 

A. Sieberg : Handbuch der Erdbebenkunde, S. 126, Braunschweig,. 
1904. 

/. E, Bur bank : Earthquake Disturbances recorded on the Magneto- 
graphs . . . No. 1, Terr. Magn. and Atm. Elect., pag. 113, 1905. 

/. B. Messerschmitt : Beeinflussung der Magnetographen-Aufzeich- 
nungen durch Erdbeben . . . ; Sitzb. d. Math. — Physik. Kl. der K. Bayer. 
Akad. d. Wiss., Bd. 35. S. 135, 1905. 

(2). G. Agamennone : Contributo alia storia del Magnetismo ter- 
restre e alio studio della correlazione fra i terremoti e le perturbazioni 
magnetiche ; Boll. Soc. Sismol. It; Vol. VIII. pag. 257, 1902. 

(3). E' noto che la caduta del potenziale nell* atmosfera terres> 

tre mantiene in essa una corrente verticale misurata dal prodotto— 

dV dV 

-J- . X, dove -^ ^ la caduta di, potenziale e X la conduttivit^ specifica 

Volt 
deir aria. Supponendo che vi sia una caduta di petenziale di 100 . ^ 

e che neir atmosfera vi sia un numero di ioni positivi e negativi di 

0,25 unit^ elettrostatiche per metro cubo, se si ammette che i ioni 

positivi e i negativi abbiano rispettivamente la velocity di 1,3 e 1,6 

cm. / sec. amp. 

— ii — : la corrente verticale ha il valore di 2,4+ lo-*^ =- 

volt /cm. '^ cm*. 

Questa corrente varia entro limiti molto estesi, col variare della 
caduta di potenziale e della conducibilitH deir aria ; e secondo lo Schus- 
ter le variazioni della corrente verticale atraosferica spiegano il periodo 
giornaliero degli elementi del magnetismo terrestre. 

Secondo il Zolss vi k una stretta correlazione fra la dispersione elet- 
trica neir aria e Tampiezza della oscillazione giornaliera nella declina- 
zione magnetica, ed anche questo prova che le variazioni del mag- 
netismo terrestre possono dipendere dalle variazioni della corrente 
atmosferica verticale. 

Uazione delle correnti telluriche sopra gli elementi del magnetismo 
terrestre ^ gii stata da lungo tempo riconosciuta. 
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THE DIURNAL VARIATION OF THE AMOUNT OF 

RADIOACTIVE EMANATION IN THE 

ATMOSPHERE. 

By V. H. Dike. 

It is a well-known fact that the atmosphere contains a radioac- 
tive emanation capable of making a negatively charged wire exposed 
to it temporarily active. It has also been observed that the amount 
of the emanation present, as measured by the intensity of the ex- 
cited activity of the wire, exposed for a given time, varies widely 
and seems to be dependent on a variety of conditions, — the direction 
and velocity of the wind, the height of the barometer, etc. 

In view of the fact that experiments at present being carried on 
at the Cavendish Laboratory show a more or less regular diurnal 
variation in the spontaneous ionization of the air inside a closed 
vessel, it was thought to be of interst to determine if the amount 
of radioactive emanation present in the atmosphere shows a similar 
variation, as this might be of aid in explaining the former fact. 

At least two other observers have done work along this line. 
Simpson^ in Lapland made three determinations per day, morning, 
noon and evening, during the greater part of a year, finding a max- 
imum in the morning and a minimum about midday. GockeP at 
Freiberg also found an increase in the early morning, with nearly 
constant value through the day and sometimes a depression at noon. 

Both these observers used the usual method of keeping a bare 
wire stretched horizontally at a high negative potential — from 4,000 
to 10,000 volts — for from one to two hours, then reeling it up and 
observing its effect in discharging a gold leaf electroscope. This 
method seems somewhat unsatisfactory, since with varying wind 
conditions the wire will have varying amounts of air brought into 
its vicinity and the results obtained will not be comparable. 

To avoid this difficulty it was decided to use the following 
method in this series of observations: By means of a large blower, 
enclosed in a box and driven at constant speed by a water motor, 
a steady current of air was drawn in through a wooden pipe, 11x9.5 
cm. inside dimensions, by 2.5 meters long, forming the only inlet to 
the box, the air being discharged into the room. The free end of 

1 I^ndon, Phil. Trans. R. Soc., 1905. Series A. v. CCV, pp. 61-87. 
•Physik. Zs., Leipzig, 5, 1904, p. 591. 
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the pipe was carefully coated with sealing wax, and metal strips 
cemented on to form grooves into which could slide a rectangular 
piece of wire gauze, so as to cover the mouth of the pipe. The gauze 
was well insulated by a sealing wax, and could be kept charged by 
means of a rubber covered wire leading to the negative pole of a 
small Wimshurst machine. The end of the pipe projected to a 
distance of about 1.5 meter from the side of the building through 
a window opening on a large court surrounded by buildings and 
was about 10 meters above the ground. It is evident that by 
means of this arrangement a definite and controlable volume of air 
is brought under the influence of the negatively charged conductor 
in a given time, and the results obtained for equal times should be 
strictly comparable. 

For determining the intensity of the excited radioactivity on the 
wire gauze use was made of an ionization chamber containing two 
parallel brass plates, 5.2 cm. apart. The lower one upon which the 
wire gauze was laid while being tested was connected with a storage 
battery, giving a potential of 160 volts, while the upper plate was 
connected by means of a wire passing through a sulphur plug in the 
top of the ionization chamber, with the leaf of a tilting electroscope, 
which was kept at a sensitiveness of from 20 to 30 scale divisions 
per volt. The rate of leakage between the two plates could thus be 
measured. In order to avoid frequent calibration of the scale, the 
time required for the gold leaf to pass over 20 divisions, starting 
from the zero position, was used as the measure of the ionization 
produced, the rate of leak being inversely proportional to the time. 

As experiments seemed to show that the effect produced is in- 
dependent of the potential of the gauze between wide limits, — from 
2000 to 6000 volts — no attempt was made to keep this potential per- 
fectly uniform, and it was found impossible in the early mor ling . 
hours when the air was saturated with moisture to keep it at as high 
a potential as during the day, the moisture allowing the charge to 
leak off over the sealing wax insulation. For the same reason ob- 
servations could not be made during a rain, it being impossible to 
keep up a charge. A system of insulation to remedy this defect 
could be devised, but, owing to the limited time available it was 
not attempted. The volume of air drawn through the gauze was 
of the order of 150 cubic meters per hour. An absolute determina- 
tion of this quantity was not made, but the velocity of the air cur- 
rent was kept approximately constant, the reading of a vane acted 
on by the air as it left the box being taken as its measure. 
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The principal diflBculty experienced was that of keeping the 
electroscope at uniform sensitiveness, and this source of error is by 
far the most important. The electroscope was extremely sensitive 
to any slight change in the potential of the storage battery charg- 
ing it, and constant adjustments were necessary. For this reason 
the results obtained on different days are not strictly comparable, 
but as the results aimed at are relative, rather than quantitative, this 
is not entirely unallowable. 

A single observation required about an hour and a quarter, the 
wire gauze being exposed for one hour, while the blower and the 
Wimshurst were kept in operation, the potential and air current 
being maintained as nearly constant as possible. At the end of the 
hour both machines were stopped, and the gauze removed from the 
end of the pipe and placed in position in the ionization chamber, 
the gold leaf being earthed. The zero position of the leaf was read 
and the earth connection broken, the time being taken at the same 
instant. The time required for the gold leaf to pass over 20 scale 
divisions was noted and also, as checks, its position at the end of 
the fifth and tenth minutes. The gauze was then removed and 
placed in a bath of hydrochloric acid to remove the excited radio- 
activity, while a similar piece of gauze was placed in position over 
the end of the pipe and a new exposure begun. 

The rate of the leak with the unexposed gauze in the ionization 
chamber was from two to four scale divisions in ten minutes with a 
sensitiveness of 25 divisions per volt. 

The actual observations extended over a period of about three 
weeks, beginning June 20th and included six sets extending over 
approximately 24 hours. The observations are of course too few 
to furnish ground for general statements, but they point strongly 
to a quite definite diurnal variation, with well-marked maximum 
and minimum. The curves obtained by plotting the reciprocals of 
the times of passing over 20 scale divisions as ordinates show marked 
similarities, and though quite irregular, as is to be expected, the gen- 
eral tendency is unmistakable. This is more clearly shown by com- 
pounding the curves for the six long series of observations. Though 
the number is too small to eliminate all the irregularities the curve 
obtained is fairly smooth and shows a minimum about 6 p. m. after 
which it rapidly rises to a maximum at i a. m. followed by a slight 
drop, and then comes a second maximum about equal to the first at 
4 A. M. The depression between i and 4 a. m. is a feature of nearly 
all the curves and is not accidental. After 4 a. m. the value drops 



Digitized by 



Google 



128 



P, H. DIKE 



[VOL. XI, No. 3.J 



nearly as rapidly as it rose, but during the afternoon it is irregular, 
though always low and generally decreasing. 

Weather conditions have an important influence on the amount 
of emanation present in the air. There is more on a still, bright day 
than on a cloudy, windy one. With the wind south or west the effect 
is greater than when it is north or east; with a northeast wind almost 
no effect was obtainable. 

Results of Observations at Cambridge^ England^ from July d, to a, m, to 

July 7. 9 fl. m. 
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For some hours after a rain the amount is very small, while 
during a fog with the insulation so wet that a potential of 1500 
volts was with diflBculty maintained on the gauze, a very high 
value was obtained followed by a very low one while the fog was 
clearing, but returning to a high value after the fog had cleared 
away. 

These results are rather suggestive than conclusive and of course 
apply only to the vicinity of the Cavendish Laboratory at this par- 
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ticular season of the year, and very different results might be ob- 
tained in other places and at other seasons. The method employed 
seems to be an improvement on the one generally in use, and seems 
not to have been tried successfully before. Observations should be 
made in other localities and covering longer periods of time before 
theories are advanced to account for this diurnal variation. 

The work was undertaken at the suggestion of Professor J. J. 
Thomson to whom I am indebted for the use of the facilities of the 
Cavendish Laboratory, and numerous valuable ideas as to the meth- 
ods employed. 

Department Terrestrial Magnetism, 
Carnegie Institution, Washington, D, C. 
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/ KARL FRIEDRICH GAUSS.i 

Karl Friedrich Gauss was born at Brunswick, April 30, 1777. His 
father, Gerhard Diedrich, was a bricklayer, and Karl was indebted for his 
liberal education to Charles William, Duke of Brunswick, whose attention 
was called to his extraordinary talent while at the '* gymnasium ". He was 
a very precocious child ; it is said that he learned to read by asking mem- 
bers of the family the names of the letters and the meaning of the words 
he saw on the various papers he picked up about the house. When only 
three years old he would correct the mistakes his father made in paying 
off the men emyloyed by the hour. 

He entered the "gymnasium" in 1788 and while there attracted the 
attention of the Duke, who became his patron and sent him to the Caro- 
line College (1792) much against the wishes of his parents, who wished 
to profit by his wages as a laborer. In 1795 it was acknowledged by all 
that he knew as much as his teacher, so he was sent to the University of 
Gottingen, where he studied under Kastner. It was here that he devel- 
oped the theory of least squares and that of the division of the circle. 
Having obtained his doctorate in 1 799, he returned to Brunswick and tu- 
tored privately until 1807. 

The greater portion of his time from 1788 to 1801 was spent on his 
most important work, the " Disquisitiones Arithmeticae, *' which is still 
a standard work on the theory of numbers. It is strictly original, for he 
was at the time of the writing, unacquainted with any work bearing on 
the subject. The greater part of it was rejected in 1800 by the French 
Academy but was published the following year under the protection of the 
Duke of Brunswick, to whom it was dedicated. The appearance of this 
work was the signal for many honors ; he was elected member of all the 
learned societies from the " arctic circle to the tropics ", and when Laplace 
was asked to name the greatest mathematician of Germany, he replied, 
" It is Pfaff ", when the other objected saying that Gauss was surely greater, 
Laplace said, "But you asked me who was the greatest mathematician ot 
Germany, and Gauss is the greatest of Europe". 

On Jan. i, 1801, Piazzi discovered "Ceres", the first of the host of as- 
teroids which revolve in the cpace between Mars and Jupiter and which 
had long been vainly looked for. The observations, unfortunately, were 
so few and were made under such unfavorable conditions that it appeared 

1 Prepared by Dr. N. E. Dorsey, U. S. Bureau of Standards, Washington D. C, for 
the Physical Seminary of the Johns Hopkins University under the direction of Prof. 
Ames who communicated it to the Journal. A portrait of Gauss appeared in the 
Tune issue (Vol. XI, No. 2.)— Ed. 
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impossible to forecast its orbit. However Gauss undertook the work and 
by emplo34ng methods of his own devising was eminently successful. 
The next year Olbers discovered " Pallas ", another one of these long lost 
planets, and Gauss undertook to determine its orbit and perturbations; 
he was awarded the Lalande medal by the Institute of France (18 10) in 
recognition of the work. 

In 1807 he was offered the chair of astronomy at St Petersburg, but 
declined; and the same year was appointed professor of astronomy at the 
University of Gottingen and director of the new Gottingen Observatory. 
He now devoted all his time to astronomical subjects and it is said that 
he never afterwards slept away from the observatory except once when 
he accepted Humboldt's invitation to attend a scientific congress at Ber- 
lin. His father died in 1808 and his mother spent the rest of her life 
with him at Gottingen. 

In 1809 he published at Hamburg his "Theoria Motus Corporum 
Coelestium " which contributed largely to the improvement of practical 
astronomy. It was in this work that he first published his method of 
least squares, although he was perfectly familiar with the subject and had 
put it in the shape we now use it, so early as 1795. Hence Legendre 
has the credit of priority, for his paper on the subject was published in 
1805, though Gauss's treatment is the one now used. 

A little later he became interested in geodesy and from 182 1 to 1848 
was scientific adviser to the Danish and Hanoverian governments for the 
survey they were then making, part of which was the measurement of an 
arc of a meridian. In 1831 he took up the subject of crystallography and 
mastered it in a few weeks. This same year Weber was called to Got- 
tingen and shortly after Gauss undertook an exact study of the earth's 
magnetism, which resulted in the important series of absolute measure- 
ments carried out by Gauss and Weber. 

His first paper on magnetism, entitled *'Intensitas Vis Magneticae 
Terrestris ad Mensuram Absolutam Revocata", was published in 1832. A 
few months later, in connection with Weber, he invented the declination 
instrument and bifilar magnetometer ; and the same year he erected at 
Gottingen a magnetic observatory free from iron. This observatory was 
about a half a mile from the physical laboratory' and was connected with 
it by a double line of wire over which they sent telegraphic signals, thus 
showing the practicability of the telegraph. At the instance of Humboldt, 
Gauss now founded the " Magnetische Verein " with the object of secur- 
ing observations of the earth's magnetism on stated times at as many 
points as possible. Their publications for 1838 and 1839 contain two im- 
portant memoirs by Gauss ; one is on the general theory of the earth's 
magnetism and the other is on the theory of forces attracting or repelling 
according to the inverse square of the distance. 

His researches on lenses were published in 1840 under the title '• Di- 
optrische Untersuchungen". 
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His health began to decline in 1853 and after 1854 it failed very rap- 
idly. He died at Gottingen, Feb. 23, 1855. Gauss enjoyed good health 
until 1853 ; had simple and modest tastes, was indififerent to the show of 
glory even to the extent of refusing the numerous decorations offered 
him by the various governments. He had a gentle, upright, honest char- 
acter; bestowed as much care on his short papers as on his masterpieces; 
and was always extremely original. Even when treating old subjects he 
seemed ignorant of the work of his predecessors and attacked the prob- 
lems in a manner all his own. His solutions are always the most general 
and complete ones, and are applicable to every case that can arise. It is 
stated that he engraved on his seal a tree bearing but little fruit and 
around it were the words *• Pauca sed Matura ". Although his works are 
not few, they are mature in every sense of the word. They are finished and 
polished off, and all the temporary portions are removed with the great- 
est care. The results are there in all their perfection, but how he attained 
them is not indicated in the faintest way, except in a very few cases. 

As we are interested in the physical rather than the astronomical or 
mathematical portions of Gauss's work we shall now pass to the consid- 
eration of a few of the most important of his physical papers ; and shall 
begin with his first paper on the magnetism of the earth, " Intensitas' Vis 
Magneticae Terrestris ad Mensuram Absolutam Revocata", published in 
December, 1832, and which contains the germs of the so-called absolute S5rs- 
tem of units. Of course the first thing suggested by the above title is 
" What do we mean by intensity of the earth's magnetic force, and in 
what units shall we attempt to measure it ?" Gauss attacked the prob- 
lem in this manner : Since the magnetic fluids can cause motion of 
certain bodies, the amount of motion depending on the amount of the 
fluid, their quantities can be measured by the amount of force they exert. 
If there are equal amounts of the positive and negative fluids at the 
same point there is no exterior effect — it is the excess of the one over the 
other that produces the effects and that we measure ; this excess is 
called the/r^^ magnetism at the point considered. 

We shall define a unit quantity of free magnetism as such a quantity 
that when placed at a unit's distance from an equal quantity of the same 
kind, the force of repulsion between them shall be unity. But forces 
can be expressed only by the amount of momentum they generate in a 
unit of time. Hence to express forces, or in fact any mechanical quan- 
tity, or quantity of magnetism we require only three units : those ot 
length, mass, and time. For these units Gauss adopts the millimeter, 
milligram and second. From symmetry with the definition of unit 
quantity of magnetism, we define the strength of the magnetic force at 
any point as the force that would act upon a unit quantity of magnetism 
if it should be placed at that point. Hence the intensity of the mag- 
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netic force at any point is the force which acts on a unit pole when 
placed at that point. Gauss's views of units are expressed in a rather 
more popular manner in a paper published in Schumacher's Jahrbuch in 
1836 and entitled *' Erdmagnetismus und Magnetometer." 

Previous to this time (1832) there had been many observations made 
for the purpose of comparing the strength of the earth's field at differ- 
ent points ; but the method always used consisted in simply comparing 
the periods of oscillation of the same magnet at the various places. Now 
Gauss pointed out that this is very unsatisfactory ; the magnetic mo- 
ment of the magnet is continually liable to change and there is no way 
of eliminating this error. The nearest approach to doing so is to make 
cycle of observations, taking one at A, another at B, and then a third at 
A again. If the two at A do not differ greatly we then have a rough 
comparison of the intensities at the two places. However, the compari- 
son could never be accurate owing to the variation in the intensity at A 
with the time. Gauss wished to obtain a method by which he could 
eliminate this error entirely. 

The period of vibration of a magnet about a vertical axis gives us a 
measure of the product of the horizontal intensity of the earth's field by 

the magnetic moment of the magnet ; in fact the period is '^'^'^'^^'Trjrjt 

where / is the moment of inertia of the magnet, M\s its magnetic moment, 
and H is the horizontal intensity of the earth's field. Now if we can make 

a measurement which will determine the ratio of these quantities -7> we 

shall be in a position to eliminate either one we please and to deter- 
mine the other. Two methods of doing this occurred to Gauss. One 
was to determine the period of a small compass needle under the action 
of the earth's field only, then to bring up the magnet so that its axis 
passes through the pivot of the needle and coincides with the magnetic 
meridian and to determine the period again. The ratio of the squares 
of these periods and the distance from the magnet to the compass are 
the only experimental results needed for determining the above ratio. 
A second method is to place the magnet so that its axis passes through 
the pivot of the needle and is accurately at right angles to the magnetic 
meridian. The deflection of the needle produced by the magnet and the 
distance from needle to magnet will now enable us to determine the de- 
sired ratio. On employing both methods he found that the second is by 
far the more desirable, so he undertook to perfect it, and states that 
after several months he succeeded, with Weber's assistance, in making 
an instrument with which he could determine the horizontal intensity of 
the earth's field with accuracy approaching that of the most refined as- 
tronomical observations. 

He suspended the vibrating magnet as also the needle used in deflec- 
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tions by means of silk fibres and measured the angle of deflection by 
means of a mirror, telescope and scale. This seems to be the first time 
a mirror was used for measuring deflections. It was in this way he at- 
tained such great accuracy. In a later paper he introduces the idea of loga- 
rithmic decrement and shows how to correct the period for it. For deter- 
mining the period, observations were often extended over several hours. 
The ** needle " first used by Gauss for the deflection experiment was a 
bar about a foot long and weighed one pound. It was supported by a 
bundle of thirty-two silk fibres two and a half feet long. Later he used 
heavier bars, some as heavy as twenty-five pounds. The mirror was al- 
ways carried at the end of the bar. The object of using heavy bars was 
to avoid the effects of air currents and to increase the period. The 
value of the intensity as found by this method is expressed as a mechan- 
ical force. A unit force being defined by Gauss as that force which can 
generate unit momentum in unit time. 

Gauss, of course, found that his magnetometer was very sensitive to 
changes in declination and so used it for measuring them. But so far 
we have no means of following carefully the variations in the intensity of 
the earth's field. Gauss supplied this deficiency in 1837 by the invention 
of his bifilar magnetometer. The suspension was seventeen feet long, the 
fibres were one and a half inches apart and the magnet weighed 25 lbs. 

His next paper of imix)rtance *' AUgemeine Theorie des Erdmagnetis- 
mus " appeared in 1838 ; in this he developed the Earth's magnetic po- 
tential in terms of spherical harmonics and showed how to calculate the 
coefficients from observations and determined their approximate values. 
The following year he published his paper on attractions and repulsions 
inversely proportional to the square of the distance and the next year 
his " Dioptrische Untersuchungen " in which he introduced the idea of 
principal planes, and gave methods of calculating the focal lengths of 
thick lenses and systems of lenses. 

His great service to Physics and Terrestrial Magnetism was the in- 
troduction of the idea of absolute units and the perfecting of instruments 
for the measurement of the absolute values of the magnetic elements as 
well as of their variations. With Gauss a new era in magnetic science 
both as far as theory and measurement are concerned was inaugurated. 
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MAGNETOGRAPH RECORDS OF EARTHQUAKES WITH 

SPECIAL REFERENCE TO THE SAN FRANCISCO 

EARTHQUAKE, APRIL i8, 1906.' 

By L. A. Bauer. 

The San Francisco earthquake was one of several large earth- 
quakes recorded the world over since the beginning of this year. 
The writer*s prime interest in it as a magnetician is in the record 
it left behind on the magnetographs at various magnetic observa- 
tories of the United States Coast and Geodetic Survey. 

It has happened several times within the last few years that 
earthquakes have occurred in this country which were not recorded 
for one reason or another, on the existing seismographs, but were 
indicated by the record of certain magnetographs. The rnost notable 
instance was the New England earthquake of March 21, 1904, at 
about eight minutes after one o'clock in the morning, Eastern time. 
Seismographs of the Milne type at Toronto, Canada, and Baltimore, 
Maryland, and of the Bosch-Omori type at the Weather Bureau, 
Washington, D. C, failed to give any record of this earthquake, 
which was appreciably felt throughout the New England States. 
The magnetograph at the observatory, Cheltenham, Maryland, six- 
teen miles southeast of Washington, gave a distinct record at i^ 0$^ 
tQ ih j^m eastern time. So there have been a number of earthquakes 
recorded by the magnetograph at Baldwin, Kansas, which were felt 
in the Middle States and reported in the papers. In fact, at this 
observatory, situated in a region where felt and unfelt local and 
regional earthquakes are comparatively frequent — note for example 
the many recent occurrences — more records of earthquakes are ob- 
tained on the magnetograph than at any of the other magnetic 
observatories. 

This repeatedly authenticated fact made desirable a concurrent 
study of seismograph and magnetograph records, and hence seismo- 
graphs have been installed within the last two years at all of the 

> Summary of two addresses, one before a special meeting of the Geological 
Society of Washington, May 18, 1906, the other before Section B (Physics) of the 
American Assoc, for Adv. of Science, July 2, 1906. The paper is published in full 
in the August issue of Popular Science monthly. 
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magnetic observatories excepting at Baldwin, Kansas, which was 
omitted because of its probable early removal on account of the pos- 
sibility of disturbing influences from electric car lines. So it hap- 
pens that the Coast and Geodetic Survey is able at present to con- 
tribute the principal portion of the accurate observational data of 
earthquakes obtained in this country. 

Owing to the exceedingly sparse distribution of seismological 
stations in the middle portion of the United States, it is fortunate 
tliat in the study of the San Francisco earthquake we may have re- 
course also to the data afforded by magnetographs, especially by 
those at Baldwin, Kansas, and Sitka, Alaska — ^the nearest magnetic 
observatories to the origin of the quake and situated, as will be seen 
from the table, at about the same distance from San Francisco. 
So also is it a fortunate circumstance that we have both magneto- 
graph and seismograph data from the two magnetic observatories, 
Honolulu and Cheltenham, which are also practically equidistant 
from the origin. 

Now a peculiar circumstance is that this earthquake, while giv- 
ing a record on the seismograph at the Porto Rico Magnetic Observ- 
atory so large as not to be fully recorded, left no trace behind on a 
magnetograph of the very same pattern as at the other observatories. 
On the other hand, the equally large earthquake of January 31st 
last, the origin of which was at sea off the west coast of Ecuador, 
besides recording itself on seismographs the world over was re- 
corded on the magnetographs at Baldwin, Porto Rico, and Chelten- 
ham, but this time not at Honolulu. This seaquake was accom- 
panied by a tidal wave twenty feet high which rushed in on the 
coast of Ecuador, causing great devastation ; it set the Pacific Ocean 
in vibration, which, according to the tide-gauge records of the 
Coast and Geodetic Survey at San Diego and Honolulu, lasted for 
three days. The tidal, wave, when it rushed in on the Hawaiian 
coasts, was several feet high, and the record of this quake of Jan- 
uary 31st, as recorded on the Milne seismograph at the Honolulu 
Magnetic Observatory, was among the largest since the installation 
of the instrument, September, 1903, and yet the delicately sus- 
pended magnets, as far as the magnetic records at this observatory 
would indicate, were not affected. * 

Why is it that an earthquake will at times be recorded by mag- 
netic instruments and at other times leave no record? Or, to go 
back to the fundamental question, what do the magnetic instruments 
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record — an actual mechanical effect due to the mechanical vibration 
of the point of support ? If the observed effect is a purely mechan- 
ical one, then why is it that not every mechanical disturbance is 
recorded on the photographic records of the fluctuations of the mag- 
netic needles? What is the characteristic of the mechanical vibra- 
tion, the presence or absence of which in the earth movements is 
responsible for the presence or absence of the effect recorded by 
magnetic needles? 

The solution of these questions may show the magnetograph 
to be a most useful adjunct to the present instrumental equipment 
for recording earth movements. 

Is the possibility of any actual magnetic effect accompanying an 
earthquake entirely to be excluded ? If so in the case of the distant 
earthquakes, as seems probable, is the possibility also to be ex- 
cluded for the less distant ones, or say for stations within a certain 
prescribed region about the origin of the quake? Are those cases 
where records are secured on magnetographs and not on seismo- 
graphs to be attributed possibly to such a magnetic effect which 
lias no influence oa instruments responding merely to mechanical 
vibration? Or is it possible that the magnetograph is in certain 
cases a better micro-seismograph than the Milne or Bosch-Omori 
instruments used in this country? 

We have thus some extremely interesting questions presented 
to us which, however they may be solved, will be a valuable contri- 
bution to our knowledge of earth movements. The possibility might 
also be mentioned that an approaching earthquake might through 
electric or magnetic effects give the first indication on magneto- 
graphs because of the much greater velocity of propagation of 
such effects than that of the mechanical vibrations. We laiow that 
a magnet subjected to strain undergoes changes in its magnetiza- 
tion, and so the question arises whether the earth's magnetized 
rocks may not likewise give some indication of their state of strain 
during an earthquake by slight magnetic fluctuations. Or, an earth- 
quake may be accompanied by a redistribution of the magnetic 
rocks or of the electric earth-currents known to exist, and thus 
give rise to a possible magnetic effect. 

Enough has been said to show that a careful and exhaustive in- 
vestigation of seismic effects recorded on magnetographs is cer- 
tainly one that merits undertaking. The Department of Terrestrial 
Magnetism of the Carnegie Institution of Washington, in connection 
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with the study of the magnetic effect recorded simultaneously over 
the entire globe coincident with the outbreak of Mt. Pele, on May 
8, 1902, is making a systematic study of the volcanic and seismic 
effects recorded by magnetic instruments with the co-operation 
of the Coast and Geodetic Survey and of the Canadian Meterolog- 
ical Service. A paper by Mr. J. E. Burbank, published in Vol. X, 
p. 113, of the journal, Teirrestrial Magnetism, brought the in- 
vestigation up to the time of the installation of the seismographs 
at the Coast and Geodetic Survey Observatories two to three years 
ago ; a second paper, to be published in the course of the year, will 
continue the research as based upon seismic and magnetic instru- 
ments in operation at the same observatories. 

It had been noticed for some time that magnetic instruments 
responded to certain earthquakes, but the cases noted were of such 
a class as to convey the first impression at once that the effects 
recorded were mechanical ones. Milne in 1898 made quite an ex- 
haustive investigation of this class of effects for the whole earth 
and covering the period from 1889 to 1897. He likewise found that 
these effects were not invariably recorded at every magnetic ob- 
servatory. He considered the results inconclusive, and deemed it 
necessary to await the time when both seismograph and mag- 
netograph records could be had at the same place. A recent notable 
contribution to the subject based on magnetic records at one ob- 
servatory, without, however, at the same time corresponding seismo- 
logical data, has been made by Dr. Messerschmitt, in charge of the 
Munich Magnetic Observatory. 

Previous magneticians, such as Eschenhagen, Wild, and Liznar, 
had found that from a comparison of the effects recorded on mag- 
nctographs at various European observatories the effects, in cer- 
tain notable earthquakes, progressed from station to station with 
the velocity of about three kilometers — t. c, the rate of propagation 
of the long or surface seismic waves. This measurable difference 
in time between any two stations and its correspondence with the 
time interval required for the transmission of the surface waves 
was a very good indication that a purely mechanical effect had been 
recorded and not a distant magnetic effect, as the latter would 
have been observed simultaneously at all stations. Or, if it was a 
magnetic effect, then in each case it was due to one of the possible 
local causes enumerated brought into action upon the arrival of the 
mechanical disturbance at the particular station. 
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In our study it has been possible at times to separate the effects 
on the magnetic records into the various phases — preliminary tre- 
mors and principal portions, etc. — in a manner analogous to usual 
treatment of the seismograph records. A notable instance was the 
destructive Guatemalan earthquake of April 19, 1902, which, as may 
be recalled, preceded the Antillean volcanic eruptions of that 
period.^ There have been many other similar instances, and it 
has even occurred at times that the magnetic instruments have given 
a slightly earlier record than the seismograph. 

The following table contains the results of the records obtained 
up to date (May 17th) at the office of the Coast and Geodetic Sur- 
vey, both from magnetographs and seismographs. It will be seen 
that the region embraced extends from Honolulu on the west to 
Hungary on the east, or about one-third the way around the globe. 
All necessary data, such as latitude, longitude, distances from San 
Francisco along the surface, as well as along chord, chord depth, 
etc., etc., are found in the table. 

Next are given the Greenwich mean times (o to 24 hours, mid- 
right to midnight) of the occurrence of the various phases of the 
seismic disturbance as recorded on the seismographs. For the 
preliminary tremors, phase I (longitudinal waves), next phase II 
(transverse waves), then principal portion (surface waves), etc., 
etc. It is particularly interesting to compare the times for Chelten- 
ham, Washington, and Baltimore, and to note how closely they 
agree. Owing to the slight difference in distance of these three 
different stations from San Francisco the times should not, of course, 
be strictly the same, though the difference should not be more than 
a few seconds. Considering the totally different types of instru- 
ment (Milne at Baltimore and Bosch-Omori at Washington and 
Cheltenham), certainly the comparison is very satisfactory. 

It will be seen that the preliminary tremors were recorded by 
tfie seismographs at Honolulu and Cheltenham at about the same 
time, these two stations being at about the same distance from San 
Francisco. The reader will follow without assistance the progres- 
sion of the various waves from station to station as given in the 
table. [Since this table was prepared many more records have been 
obtained, which are of interest, notably, the seismograph and the 
magnetograph records from the Toronto Magnetic Observatory.] 

Figure i (Plate IV) is reproduced from the record obtained at 

> C/, J. E. Burbank's article, inT. M. vol. X, p. 113. 



Digitized by 



Google 



s 

M 
O 

u 

H 

n 

o 

o 

H 
< 

US 

Q 
< 

n 
p^ 

2S 



(0 

H 
CO 

O 

(0 

S 

P 

(0 

H 



i 



< 
H 

P 

a 

pa 

o 
u 

CO 



CO 



si 



g>6 
^2 



II 



If 



Is 



•sal 

n H 









is 

St4 






3K 
o . 



a 

9 

o 
u 



?^' 






55w- 



Tf »O00 O «0 « 00 « Q 
o ^92. "^95 "^ Oo 



»OiOQ0 'p'^QO « O t^ 



t^oo 



o \0 O •-• rOONi^ 

- ON « 0\ lOoO 



5S 



O '*nO •-• "I ^ r^ On w 



iZife 



O NO 0» »OVD ^\0 





















&< 



o 



^ rO ^O fO 



« o 

s 0N«O O « •o 
* (-1 « »o »o »o 

— "5 rO fO fO ^O 

^ »i4 tH IH l>^ M 



I fO 'O *o ^ 



e «ONO eO Q NO 
- fO »o »o ^ ^ 



^ fO fO f'i »o ^o 



<::'; 



^ rO fO fO fO 



^W 



o 



s ONioO wj 



Ztxi 






ss^-l-g 



< fO rO fO rO 



lOOO Ch On 
8 Ch »o r^ « 



»o 

NO 






t/} CO 

"S 2i Sf? S : J5 O 

•Si &cii o 2 S -r 

SJ.2= = i{25 



OS .2r 
2.2 O- 

5 O 4> ^ ^ O ^ 

cd O «H - - ^ - 
J.40 U 



P.: 
a; 

Q 

O 

o 












o 
«i- o 

a 73 



a 
W 











ooC^N 








t^t>» c» r* 




« t^irtO 




rO CO »0»0 




M M M M 


,_^ 




<? 




"S^ 




CI 




w 




1 


■^1 


N) 




1 






ON O «-• NO «OnO 
>0 « -^NO' «■ fO 



00 O O ^"^ON 

NO «-! -^NO « fO 



O fO -^ On 



« q t^ onno « 
NO d fo »o « ^ 



lO On »0»0 ci fO 



<it t>> •-« q cj NO 

lOod eO lO « fO 



«NO 



lOON 

ci rO 



oq t^ t^ **« \n 



« ro 



09 . o; « 4; oa 22 tt 

»•=* ON^ Ifti-i »Om 



".•' « <^ « <^ 



H H 



bo 

a 
o 
I-} 






CO 



PU 
PU 
a; 

CO 

to 



•ir^Ba^oaisi^ -o^'ffw 



Digitized by 



Google 



[PLATK IVM 



« 2^ 

VQ ^. SB O 
r- 3 S • 

3 a a - 

2.5*; • 

S 3* O* * 

? '^ «. o 

2 s ;? ? 

flo -• ** H 

« 3 S5 5: 
S ? 2 ? 

2 2 k "^ 

** 2 2. w 
< 3 -h > 

» S :r 2 

g ^ « 
M 5 5 

^ » H 
=»• O ' 

• »* * 
BS 3* O 

s r» a 

« ^ > 

3:8 § 

? o n 

S 2. a 
5 m * 

(S 8 » 
5*3 5 

5 8* 

o ^S 
'•3 5 

;; 2 ^ 
13? 

- =»• 2. 
Sa- 
p-OS 
» 2. 2* 



n 



<z 







■■< i^ '^i'-*w^=|if 




'fl 



(: ? 



S^'' t. 



'I ! 

*. 
It 



hi 








^i> •■■. liliii^iii*ii'iJliM'^ •'.liwiliiilii'H;;;! «« 



Digitized by 



Google 









Digitized by 



Google 



SAN FRANCISCO EARTHQUAKE, APRIL i8, 1906 141 

the Cheltenham Magnetic Observatory with the Bosch-Omori seis- 
mograph. The distance between two of the dots represents one 
minute. In order to get a convenient size for the figure, it was 
necessary to omit about one-third of the total length of the sheet, 
so that the distance from 5 to 5 or ^ to ^ represents about two- 
thirds of an hour. On the original, the pointer or the recording 
stylus multiplies the motion ten times, hence in the reproduction 
the multiplication is about three times. The maximum amplitude 
of motion was not recorded, the pointer striking the damping 
brushes. The period of the pendulum for the N-S component was 
about 25 seconds, and for the E-W component about 20 seconds. 

Passing next to the times recorded by the magnetograph {D 
stands for declination, H for horizontal intensity and Z for vertical 
intensity), it is seen that the effect in this instance did not begin 
at the four observatories where a record was obtained — Honolulu, 
Sitka, Baldwin, and Cheltenham — until the arrival of the principal 
portion (long or surface waves) recorded on the seismographs and 
tliat for this phase the agreement between seismograph and mag- 
netograph is most satisfactory. It will also be noted that the time 
at Baldwin is intermediate between San Francisco and Cheltenham, 
so that the record of this observatory is a most desirable acquisition. 
Note also that the time is nearly the same as at Sitka, Baldwin 
being just a trifle farther from San Francisco than Sitka. 

Next are found in the table the velocities of the various trans- 
verse waves — ^longitudinal, transverse, and surface — computed along 
the paths indicated in the column on the extreme right. For the 
region embraced it will be seen that the longitudinal waves, which 
were the first to arrive, traveled at an average velocity of six miles 
per second, the transverse waves at an average velocity of y/2 
miles, whereas the surface waves had a velocity of about 2]/^ miles 
per second, according to seismograph and magnetograph. In 
computing the velocities I have taken provisionally as the 
average time, from all authentic sources, of the shocks on the 
Pacific Coast which gave rise to the effects recorded at distant 
places as occurring at 5** 12™ Pacific time or 13** 12™, April i8th. 
Greenwich time. There may have been earlier preliminary shocks. 

Why is it that in this severe earthquake the magnets responded 
only to the Idng or surface waves and not to the preliminary tremors, 
and why did the magnets at Porto Rico give no record at all? 
These are the questions which I believe to be of concern not alone 
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to the magnetician, but also to the seismologist and to the student 
of geophysics in general. Of the many earthquake records already 
obtained, there are a large number where the disturbance on the 
seismograph was considerably smaller than the San Francisco one, 
and yet the magnetograph responded to even the preliminary effects. 
Evidently we must be getting a record of something on the magneto- 
gi-aph, not immediately evident from the present seismograph rec- 
ords, which causes this peculiar differentiation of seismic disturb- 
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Pio. 2. Rbcord of the San Francisco Barthquakb on thb Eschbnbaobn Mao- 
NBTOGRAPH at the Magnetic Observatory, Cheltenham, Maryland, reduced a times. [The 
hours as marked are approximately local mean time. The earthquake effect will be noticed 
on the three magnetic elements, horizontal intensity, declination and vertical intensity in 
the shape ot a trumpet formation between 8 and 9 a. m., local mean time. The range or 
double amplitude or the disturbance was about i/iooo part of the horizontal intensity and 
About 1/5000 part of the vertical intensity. On account of the intersecting of the curves, 
the range in tne magnetic declination can not be given.] 

ances into the following classes: (a) recorded by seismograph and 
not by the most delicate magnetograph, (fe) recorded by magneto- 
graph and not recorded by seismograph (c) recorded by seismo- 
graphs and magnetog^phs partially (surface waves), (d) recorded 
completely by seismographs and magnetographs. 

My present belief is that the effects recorded by suspended mag- 
nets are chiefly mechanical ones due to the vibrating motion of 
the points of support, though the possibility of a magnetic effect 
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within a certain prescribed region of the origin of the earthquake, 
brought about as above explained, is not to be excluded. It is a 
notable fact that at the Baldwin Magnetic Observatory, where, as 
stated, so many seismic effects are being detected which are to be 
associated with the comparatively local earthquakes in the Middle 
States, and which fail to make any record on seismographs as far 
distant as Washington, the effects corresponding in time to lightning 
discharges have also been found which in many instances resem- 
ble very closely the seismic effects. 

In the case of the San Francisco earthquake, however, there 
can apparently be no question that what was recorded by the mag- 
netographs was a mechanical effect (see Fig. 2). 

Owing to the optical arrangement of the magnetograph, in order 
to produce an effect which will be evident on the recording sheet, 
it is necessary to have a turning movement of the suspended mag- 
net. Any parallel displacement of the magnet — ^sidewise or up and 
down — ^will give no observable effect, an actual turning of the 
magnet must take place, and for this purpose a turning couple 
must in some manner be introduced. 

For the seismic motions of the support generally encountered, 
it can readily be shown that because the suspended mass is a mag- 
net, a turning couple is brought into play by the earth's magnetism, 
causing the rotary, vibratory motion of the magnet about its mean 
position, thus giving a record on one or more of the magnetic ele- 
ments, dependent upon the plane in which the mechanical impulse is 
received. Were the suspended material a non-magnetic mass of 
sufficient weight, no such turning would take place, but the mass 
would act more or less as a "steady point." However, it is quite 
possible that with the very light magnets weighing but J^ gram, 
and short suspensions used, we may also have to deal with a form 
of pendulum seismograph, in which the period of the pendulum is 
sufficiently small as to more readily respond to certain micro- 
seismic motions than either type of instrument at present in use in 
this country. These matters must, however, receive more careful 
attention on some future occasion. 

It would seem, therefore, that seismologists might be assisted 
in the solution of some of the problems as to the precise character 
of the earth movements recorded on seismographs by a careful study 
of the seismic effects recorded on magnetographs, especially if the 
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effects both in the horizontal and in the vertical plane be consid- 
ered, and if, furthermore, the record be obtained on a more open 
time scale, so as to be comparable in this respect with the best 
seismograms. 

Magnetic observations made at certain stations in the affected 
region since the earthquake, as compared with the results obtained 
prior to the quake, show only such differences as may be directly 
attributable to the secular change. If there has been any change 
in the magnetic distribution due to the earthquake, it is of such an 
order of magnitude for the region examined that a much more 
detailed investigation will have to be made. 
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A DIRECT RECORDING DECUNOGRAPH. 
By W. G. Cady. 

A preliminary paper on this instrument was published in this 
journal for June, 1904. (Vol. IX, p. 69.) Under the auspices 
of the Department of Terrestrial Magnetism of the Carnegie Insti- 
tution two portable declinographs have since then been constructed 
under the writer's direction, one of which is at present installed 
at the Solar Observatory on Mt. Wilson, California. As these in- 
struments embody several features not contained in the original ex- 
perimental apparatus, a short description of them is here given.* 

It will be remembered that the principle of the instrument con- 
sists in the transmission of the movements of a suspended mag- 
netic needle, through a delicate suspended glass lever to a pen situ- 
ated at the end of a long arm. The lever system is therefore some- 
what similar to that in the Bosch-Omori seismograph, except that 
no pivots are used. The directive force acting on a magnetic needle 
in the Earth's field is so much feebler than that in the case of a 
iTiJissive horizontal pendulum, that it was thought best to avoid 

1 The purpose of this instrument is not, of course, to replace the more sensitive 
method of photographic registration, but rather to supplement it. The problem set 
to Dr. Cady was : to devise an instrument which would give a visible record of the 
changes in the magnetic declination permitting one by mere inspection, at any 
time, to get some idea of the state of the Earth's Magnetism, instead of being 
obliged to wait until the photographic sheet has been developed and perhaps after a 
magnetic storm worthy of special attention has subsided. If the declinograph shows 
a magnetic disturbance, certain special investigations can be immediately undertaken, 
e. g. a closer timing of the fluctuations by eye-readings or by special rapid rate regis- 
trations or a corresponding study of other phenomena, solar or electrical, etc., can be 
made. Thus a simultaneous study of magnetic storms and supposedly correlated 
phenomena can be conducted. For the sake of convenience the apparatus may be 
arranged by means of telescope and mirror, so that an observer sitting in his office 
^ome distance away from the instrument can at any time inspect the record with- 
out leaving his desk and issue any necessary instructions to his assistants. Or an 
alarm as will be noted, is rung whenever the declination changes exceed a certain 
fixed amount. However the apparatus need not merely serve as a visible or aud- 
ible indicator of certain magnetic changes, but is likewise capable of producing a 
record which, while not equal to the continuous, photographic one. will nevertheless 
suffice for nearly all purposes. Should it prove satisfactory, additional instruments 
will be constructed and supplied to institutions in position to successfully co-operate 
with the Department of Terrestrial Magnetism. If warranted, the principle may 
also be applied to the other magnetic elements. I^. A. B. 
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the slight but uncertain friction of pivots. The pen is caused peri- 
odically to print a dot upon a long strip of paper, which is ad- 
vanced by means of clockwork. The most radical departure from 
the original apparatus is in the manner of printing dots: the pen 
is no longer drawn down to the paper by means of a solenoid, but 
the paper is automatically lifted up so as to touch the pen. This 
avoids the danger of magnetic disturbances caused by having a sole- 
noid plunger mounted on the pen arm, and also reduces the moment 
of inertia of the moving system to a minimum. Owing to the addi- 
tional energy required to raise the paper as well as to advance it, 
this double function is performed by an electro-magnet mounted 
at a suitable distance below the instrument. The clock that period- 
ically closes the electric circuit may then be located at any distance 
from the instrument. Other changes and new features are described 
in the following paragraphs. With the exception of the enclosing 
cases and the clockwork, practically the entire work of construc- 
tion was carried out by Mr. F. H. J. Newton, the college mechan- 
ician, to whose ingenuity and skill acknowledgement is here made. 
General Outline. Figures i and 2 show the most essential fea- 
tures, simplified for clearness. Figure 3 is from a photograph of 
the completed instrument. The magnet and pen are suspended 
inside a large casing of glass and brass mounted on a slate base. 
The pen extends through a rectangular tube into a second casing,. 
smaller than the other, but otherwise similar to it in appearance. 
The driving mechanism is located in the second casing. A flat 
joint of rubber cloth is interposed between the smaller casing and the 
rectangular tube, so that any jar to which the smaller casing is sub- 
jected will not be imparted to the magnet and pen. Both casings 
are supported by brass levelling screws. The magnet, M, 
25.5 X 3 X 0.85 cm., is suspended from a phosphor-bronze fiber." Ta 
the stirrup of the magnet is clamped a flat, slotted brass arm C, 
at the farther end of which two vertical glass rods D, the "antennse," 
about 0.2 mm. in diameter, are cemented, their plane being perpen- 
dicular to C The antennae are about i mm. apart. Between them 
extends the horizontal glass "pen-lever" B, of about the same thick- 
ness as the rods D, E is attached, by means by a short brass arm, 
to a stirrup suspended from a quartz or phosphor-bronze fiber B, 
which holds the cup-shaped end of a ong glass pen P, Wxsk coun- 

* These dimensions apply to the ma^et of the second of the two declinogjaphs- 
referred to above, and hot to the one at Mt. Wilson. The two instruments differ ia 
this respect and in a few other unimportant details. 



Digitized by 



Google 



DIRECT RECORDING DECLINOGRAPH 147 

terweight to hold P horizontal. The tip of the pen swings two or 
three mm. above the surface of the drum P, Any angular movement 
of the magnet causes one or the other of the rods D to exert a pres- 
sure on the lever £, which in turn rotates the pen through an angle 
depending on the relative lengths of the lever arms. As was pointed 
out in the previous paper, a certain degree of torsion must be im- 
parted to the fiber B (Fig. i) in order to bring the glass lever fi 
into steady contact with one of the rods D, The other rod then 
serves merely to damp any oscillations that may occur after a vio- 
lent disturbance. As is seen from Figure 3, the fibers A and B are 
supported by means of posts which are mounted on the slate base 
of the instrument. To the post from which B is suspended is at- 
tached the fixed pen G, which furnishes a base-line. If a slow-dry- 
ing ink is used in the pens, a refilling once a week is usually 
sufficient. The pens are drawn from glass tubing, and are attached 
to their supports with plaster of Paris or shellac. 

Recording Apparatus. The axle of the drum is supported by a 
rocking frame, part of which is represented in Figure i, and which 
can be better seen in the photograph, Figure 3. Figure 2 is a side 
elevation of the frame, which rotates about the axis R. A reel of 
paper, S, 10 cm. wide, is hung at the bottom of the frame in such 
a way that it can be easily slipped in and out.' From the reel the 
paper passes over the drum F, thence back to a roller V, and down 
through a slot in the base of the instrument. It can be cut oflf at 
intervals or automatically rolled up, as is desired. A rod Q, passing 
down from the center of the crosspiece T, is fastened through an 
adjustable turnbuckle to the plunger of an iron-clad electro-magnet, 
Figure 3. Whenever the plunger is attracted, Q descends, bringing 
F up into contact with the pen. At the same time a ratchet wheel 
mounted on the rocking frame is rotated one step by means of a 
fixed pawl. The drum F is connected by gearing to the ratchet in 
such a way that each step in the rotation of the ratchet causes the 
circumference of the drum to advance one-third of a millimeter. 
The drum has a series of peg teeth near one end which engage 
in holes in the strip of paper. Thus each time the plunger of the 
electromagnet is attracted, a dot is printed, and the paper advanced 
one-third of a millimeter. 

The electro-magnet is supplied with current from a battery 

•The paper used Is that provided by the General Electric Company for its 
curve-drawinsr instruments. Bach reel is about 18 meters lon^. 
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of dry cells. The circuit is closed through a relay by means of a 
contact spring attached to an eight-day clock movement. An ad- 
justment is provided whereby the circuit can be closed every half- 
minute, every minute, or every five minutes, as may be desired. 
Usually one-minute contacts are made. Careful tests have shown 
that the effect of the electro-magnet upon the magnet M may be 
entirely negleted. 

The "Storm Signal." Each time a dot is printed the pen is 
forced upward by the drum. This causes the platinum-tipped ends 
of a light spring of phosphor-bronze ribbon to short-circuit two 
curved brass plates K and L (Figs, i and 2), which are held hori- 




PlOURES I AND 2 



zontal in a fixed position just above the pen. The plates are con- 
nected in series with a battery and call-bell, which may be mounted 
at any distant point. A small piece of thin mica is cemented to the 
under side of one of the plates, covering a few millimeters at its 
center, in order to prevent the alarm from being rung under normal 
conditions. But if the declination changes by more than a certain 
amount, then each time a dot is printed the bell circuit will be closed 
and an alarm rung, warning the distant observer of the presence 
of some source of disturbance. If it is found that a magnetic storm 
is in progress, the clockwork may be adjusted to give half-minute 
contacts, the alarm temporarily disconnected, and any desired spe- 
cial observations at once begun. In this connection it may be pointed 
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out that the course followed by the strip of paper after leaving the 
drum is such as to make possible the inspection of the record from 
a considerable distance. For this purpose it is only necessary to place 
the instrument so that the paper can be sighted, with the aid of a 
reflecting mirror if necessary, through a telescope mounted, say, in 
the observer's office, which may be in a separate building. 

It is, of course, desirable to have the limits within which the 
declination is assumed "normal" as restricted as possible. If the 
plates were immovable, the normal zone would have to be at least 
as wide as the average range of diurnal variation. By causing the 
plates to move back and forth in step with the average diurnal 
variation, a much narrower strip of mica can be used on the lower 
side of one of the plates. Then if the declination diflfers by more 
than, say, 4' of arc from its normal value, at the hour in question^ 
the alarm will be rung. The to-and-fro motion of the plates is ac- 
complished by means of a cam, which is rotated once every twenty- 
four hours through the agency of a ratchet and gearing attached 
to the rocking frame. The cam is carefully cut to correspond in a 
general way to the average curve of diurnal variation as obtained 
from the mean of a large number of observations. The motion of a 
I'od which presses against the cam is transmitted to the contact- 
piates, and an adjustment is provided for varying the amplitude 
of the movement. Thus the same cam can be used at diflferent 
seasons of the year and at different stations. The cam is visible 
in Figure 3 behind the drum F, while to the left of the drum the 
support that holds the contact-plates K and L is seen. 

The ratchet that moves the cam is also provided with special 
teeth which slightly displace the base-line pen at every thirtieth 
dot. In this way, when the instrument is run at its normal speed, 
the hours and half-hours are automatically marked on the base-line. 
To overcome the tendency of the pen to stick to the paper after a 
dot has been printed, an adjustable horizontal lifting rod is fastened 
to the support that holds the two contact-plates K and L. This rod 
passes just below the pen at H (Fig. 2), preventing it from remain- 
ing in contact with the paper when the drum settles back into place. 

Adjustments and Calibration. Thanks to the large moment of 
the magnet (about 20,000 in C. G. S. units), and the small mo- 
ment of inertia of the pen, the latter comes to rest after a dot is 
printed in less than thirty seconds, and the "creeping" of the dots 
after a large deflection is less serious than in the case of the exper- 
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imental apparatus previously described (/. c, p. 74). Damping; is 
afforded by a massive copper damper surrounding the magnet. A 
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vane hung from fiber B and dipping in oil may be used, but is usually 
unnecessary. The instrument may be orientiated in any direction, 
the appropriate angle being easily secured between the magnet and 
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the magnet-arm C. A final adjustment to bring the pen to the cen- 
ter of the paper is obtained by means of a small controlling magnet, 
3 cm. long, mounted vertically over the torsion head of fiber A, 
To regulate the sensitiveness of the instrument, the magnet arm 
can be clamped with the antennae at any desired distance, within 
limits, from the fiber B. For most purposes a scale-value of from 
two to four minutes per millimeter of ordinate is advisable, though 
these limits may be considerably exceeded. An approximate value 
of the sensitiveness may be derived directly from the lengths of the 
magnet arm, pen-lever, and pen. More accurate results are ob- 
tained by deflecting the magnet through an observed angle by means 
of an auxiliary magnet, and comparing this angle with the displace- 
ment of the dots on the sheet. For this purpose the magnet stirrup 
has a mirror attached, whose position is observed by means of a 
small telescope and scale fastened temporarily to the base of the in- 
strument (Fig 3). The deflecting magnet is placed in one of the 
holes in a removable tube set vertically directly above the maget M. 
Since, moreover, the tube can be turned about a vertical axis, prac- 
tically any desired amount of deflection of the needle may be ob- 
tained and accurately reproduced. Corrections have to be applied 
for the torsion of the two fibers. The correction in the case of the 
magnet fiber is derived in the usual way by observing through the 
telescope the deflection produced by turning the torsion head 
through say, 90*^. The antennae are disconnected from the pen 
lever during this operation. The correction for torsion of the pen 
fiber is obtained by putting the deflecting magnet in position and 
comparing the deflections of the suspended magnet when the pen- 
lever is successively attached and disconnected from the antennae. 
The scale value is then given by the equation : 

8 = -^ ^, ^, , (min. per mm.) 

where d = deflection of magnet in minutes of arc. 

A = corresponding displacement on trace in mm., 
^i> ^1= factors to correct for torsion in magnet-fiber and pen- 
fiber respectively. These two corrections, both of which are constant 
as long as no change is made in the adjustments, may amount together 
to several per cent.^ The scale value is not constant over the whole 

* The torsion correction for the pen- fiber of the instrument described in the for- 
mer paper (1. c. p. 79) should be 1.002 instead of 1.02. The latter value resulted 
from an error in computation. The moment of the ma^etic needle referred to on 
the same page should be 2570 instead of 14000. 
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range of motion of the pen, but increases or decreases slightly as 

the pen moves from the bottom to the top of the sheet. This is due 

chiefly to the changing angle between the magnet arm and the pen. 

In Figure 4 is reproduced a portion of a continuous record sev- 
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eral meters in length, showing the magnetic storm of May 19, 1906. 
The scale value is about 1.2 minutes per millimeter on the original 
trace, and dots were printed at the rate of one per minute, giving a 
time scale of twenty millimeters per hour. Increasing ordinates cor- 
respond to increasing westerly declination. 



Wesleyan University^ 

Middletown^ Connecticut, 
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MAGNETIC OBSERVATIONS ON THE HILL OF 
SAN MIGUEL, D. F., MEXICO. 

The hill of San Miguel lies W. S .W. of the City of Mexico, at a dis- 
tance of about 60 kilometers, and corresponding nearly to the vertex 
formed by the junction of the Sierras de las Cruces and Monte Alto, the 
Valley of Mexico being bounded on the West by the former which runs 
from N. W. to S. E. and enclosed by the latter on the South, nearly from 
due West to East. The geographical coordinates of the hill are as follows : 
latitude, 19° i(/ N., and longitude, 99° 19^ 17^'' W. of Gr.; elevation 3807 
meters. 

During the first half of Sept., 1903, I made a trip to this hill, on the 
top of which I remained for a week, and succeeded in obtaining the 
following results: 

Results, 



Date 


Bast DecUnation 


Horizontal intensity 
in C. G. S. units 


Dipl 


1903 


8 a.m. 


a P.M. 


Mean 


I,. M. T. 


Value 


Sept. 10 . . 


/ 


/ 


/ 


h m 
10 07 
9 29 
9 35 
9 25 


0.32180 
0.32306 
0.32204 
0.32204 


1 
46 48.2 
55.3 

39.9 


11 . . 

12 . . 

13 . . 


7 21.5 
19.7 
17.1 


7 15.5 
12.2 

13.6 


7 18.5 
15.9 
15.3 






Mean 


7 16.6 




0.32224 


46 47.8 



1 The dip obtained is not, I think, entirely worthy of beings relied upon, as 
there seetns to be something wrong in the axis of the needle used in the observa- 
tions (64 readings for each result, reversing poles and using a Pauth's inclinometer). 

Tacubaya^ D. F.^ May, 1906. M. Moreno y Anda. 



MITTEILUNG VON DER AUFFUHRUNG EINES NEUEN MAG- 

NETISCHEN OBSERVATORIUMS IN DANEMARK UND 

VON EINER CONSTRUCTIONSANDERUNG BEX 

DEM WILD'SCHEN ROTATIONSINCLINA- 

TORIUM. 

Diesen Sommer wird im ** Rftde Skov " in einer Entfemung von circa 

19 Kilometer von Kopenhagen ein magnetisches Observatorium aufge- 

fiihrt. Das neue Observatorium soil an die Stelle des fniheren magne- 

6 153 



Digitized by 



Google 



154 



LETTERS TO EDITOR [vol. xi. lio. 3] 



tischen Observatoriums in Kopenhagen treten, da dieses Observatotium 
jetzt von electrischen Strassenbahnen ganz cernirt ist 

Das neue Observatorium wird hauptsachlich mit Instnimenleti der 
Wilds' schen Construction versehen werden, jedoch mit einigen Ander- 
ungen. Die Instrumente werden grosstenteils von dem Herm Professor 
Edelmann geliefert. 

Was die Anderungen betrifft, verweise ich auf die ausfuhrliche 
Beschreibung, die spater vorliegen wird. Hier werde ich nur anfiihren : 
Ich habe das Wild'sche Rotationsinclinatorium (No. 2490 in Edelmann's 
Preisverzeichniss No. 23) in der Art construiren lassen» dass man sowohl 
die Inclination mit Commutator nach unten (Spiralen transmission nach 
oben) als auch mit Commutator nach oben (Spiralentransmission nach 
unten) beobachten kann. 

Kopenhagen im Juni igo6 V. Hjort. 



ON THE NATURE OF THE EFFECT OF THE SUN-SPOT FRE- 
QUENCY ON THE VARIATION OF THE MAGNETIC 
ELEMENTS AT THE CAPE OF GOOD HOPE. 

By G. H. H. Finch am, M. A., South African Coi*i*ege, Capetown. 

[Abstract.] 

The influence of the Sun-spot frequency on the magnetic elements 
has been discussed by many investigators during recent years. The ob- 
servations upon which the present investigation is based are those taken 
by the royal artillery during the years 1842-46 and published by Sabine 
in "Magnetical and Meteorological Observations", Vol. i. Cape of Good 
Hope. The period over which the observations extend is unavoidably lim- 
ited so that it is impossible to say whether the results obtained are truly 
representative of a whole eleven-year period. 

The formula applied is Schmidt's modification of Wolt*s original 
formula, viz.: 

where A = excess of hourly mean over monthly mean in minutes of arc 
in case of the declination, and in C. G. S. units in case of horizontal 
intensity, and r= Schmidt's value of Woli's Sun-spot frequency Ry 
(r^'oiR). 

By applying the principle of least squares to the five equations for 
any particular hour, and solving the resultant normal equations we have 
the hourly values of the quantities A^ A A^^ A A^ ^and A'^ H, 

Corresponding quantities to these in case of the northerly and east- 
erly components, X and Y respectively, are obtained by substituting for 
the known quantities in the equations obtained by differentiating the re- 
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lation between these components, the declination and the horizontal in- 
tensity, viz.: 

A-V= t^H' Cos D- H^xvlD' t\ D. 

A K= A//- Sin /? + //Cos Z>- A D, 
with four similar equations for 

A'A". A'^ X, A'K. and l\Y'\ 
Mtan monthly values of D for the period considered have been calculated 
from records published by Beattie and Morrison in Trans. S. A. Phil. Soc. 
vo). XIV, p. 7. The other quantities on the right hand side are known. 
As far as it is possible to compare these results with others of a similar 
nature they do not appear to be exceptional. The Cape results show 
similar maxima and minima as Schmidts do for Hobarton, St. Helena, 
apd Toronto. 

In order to consider the seasonal influence of the Sun-spot frequency 
the year was divided into three equal portions. Summer, Winter and Equi- 
nox and the value 6f - calculated for these three seasons, where "^" 
a 

is the arithmetic mean of A'''' for a particular season, and **a" is the 
arithmetic mean of A'' for the same season. In addition to the Cape, this 
ratio was calculated from Schmidt's results, for Hobarton, Toronto, and 
St Helena, and collected from Chree (Phil. Trans, vol. 203) for Kathar- 
inenburg, Pawlowsk, Batavia and Mauritius for purposes of comparison. 
This way was done for the declination and for horizontal intensity. In 
the case of the declination, the results all agree in indicating that the 
Sun-spot influence is a maximum in Winter, with the exception of Kath- 
arinenburg where the maximum occurs in the Equinox. Results for hor- 
izontal intensity show that Batavia and Mauritius are exceptions. There 
is possibly some explanation of these three cases other than that the 
maximum occurs at a different season at these stations. 

A full report of this paper appears in the Trans. S. A. Phil. Soc. 

This investigation was undertaken at the suggestion of Prof J. C. 
Beattie, to whom my thanks are due for many valuable suggestions and 
for his kind encouragement. 
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PRINCIPAL MAGNETIC DISTURBANCES RECORDED AT CHEL- 
TENHAM MAGNETIC OBSERVATORY. MAY i TO JUNE 30. 

1906.^ 

12. Moderate disturbance. Began about i^- May 8th, and ended 
about i6h May 9th. 





Mazimtiin 


75 M. M. Time 


Minimum 


75 M. M. Time 


Ranfl^e 


D 
H 
Z 


46/3 

95. 5 mm. 

56. mm. 


h m 

May 0. 13 44 

" 8. 16 II 

" 8, 17 57 


33/9 

16. 9 mm. 

19. 2 mm. 


h m 

May 9, 8 02 

" 9. 9 54 

" 9. 10 13 


12.^4 

78. 6 mm. or 127 7 
36. 8 mm. or 447 


13. Moderate disturbance. Began about i** May 15th and ended 
about 16^ May 15th. 




Maximum 


75 M. M. Time 


Minimum 


75 M. M. Time 


Ranfl^e 


D 
H 
Z 


49.^4 

58. mm. 

35.4 mm. 


h m 

May 15, 12 47 

" 15, 206 

" 15. 17 13 


-06. 8 mm. 
32. 1 mm.» 


h m 

May 15, 5 08 

" 15. 7 19 

" 15. 8 16 


27/1 

64. 8 mm. or 104 7 

67.5 mm. or 817 


14. Large disturbance. Began about 19^ May 19th and ended 
about 3^ May 21st. 






75 M. M. Time 


Minimum 


75 M. M. Time 


Range 


D 
H 
Z 


53/0 

53. 7 mm. 
60. 2 mm. 


h m 

May 19, 22 06 

" 20, 15 26 

" 20, 17 03 


»9/3 

07. T mm. 
—20. mm. 


h m 

May 19, 21 42 

" 19, 22 18 

" 19. 21 57 


46. 6 mm. or 757 
80. 2 mm. or 967 


15. Large disturbance. Began about 15** June ist and ended 
about 2oh. June 4th. 




Maximum 


75 M. M. Time 


Minimum 


75 M. M. Time 


Range 


D 
H 
Z 


49/1 

96. 4 mm. 
40. 3 mm. 


h m 
June 4, 2 02 

" 2, 14 40 
" 2, 16 19 


29.^0 
-35.5 mm. 
-17. 5 mm 


h m 

June I, 23 25 

" 2, 9 20 

" 2, I 04 


20.'l 

131. 9 mm. or 212 7 
57.8 mm. or 697 



1 Continaation of lists given in previous issues of this Journal. The Observa- 
tory is situated in latitude 38® 44' .0 N., and in longitude, sh 07.4 m W. of Greenwich. 
2 Estimated ; trace went off sheet. 



U, S. Coast and Geodetic Survey, 
Cheltenham, Md, 



W. F. Walus, 

Observer in Charge. 
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RECENT PAPERS IN ATMOSPHERIC ELECTRiaTY. 

Abstracted by J. E. Burbank. 

Le Cadets Observations oj the Potential and the Ionization During the 

Total Solar Eclipse. 

August 30, ipo5'. 

The observations here described were made with Ezner's apparatus for 
potential and Gerdien*s aspirator for conductivity at the foot of a hill to the 
East oi the Observatory del Ebro at Tortosa-Roquetas (Spain). 

The collector of the potential apparatus was 2.50 meters above the soil, 
and 30 meters from the dome of the equatorial instrument of the observatory. 
The Gerdian apparatus was mounted near by under a piece of canvas sup- 
ported two meters above ground. To reduce the potential to V/m it was 
necessary to multiply by 0.5. Ninety-eight readings of potential between 
iih 30m A. M. and 4^ 30ffl P. M. L. M. T. give the following results: Oscil- 
lations of the field sometimes quite abrupt from no V/n% to 160 V/m from 
ijh 50m to 12^ 2710; decreasing with small oscillations up to the first mini- 
mum 92 V/m at 12^ 43™; increasing quite rapidly to 140 V/m at 12^ 48"°; 
then oscillations around 120 V/m until 131^ 26m ; quite sudden decrease to the 
lowest minimum 66 V/m at 13^ 33.5*° (12 minutes after end of totality;) 
gradual rise to 150 V/m at 13^ 49»; oscillations around 120 V/m until 14^ 
53m, with third minimum 88 V/m at \^ 03«; from \^ 55« to 15^ io« 
values above 150 V/m ; then decrease and oscillations between 100 and 130 
V/m until end of observations 16^ 35m. Thus during the eclipse the field 
was quite variable with a mean value of 115 V/m, Five minutes after ist 
contact it decreased 12 minutes after end of totality reached minimum 66 V/ 
m, all values being positive. 
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- + 
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0.38 
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For ionization six series of readings alternately positive and negative 
were obtained between iii» 15m and 1^^ 58m. 

3 Lb Cadet, G. Mesure de 1 'intensity du champ ^lectrique tcrrestrc et dc Tion- 
isation de ratmosph^re pendant V Eclipse totale de Soleil du 30 aoiit 1905. 
Paris, C. R. Acad. Sci., 1905, Nov. 27, v. CXLI. No. 22, pp. 925-928. 

157 



Digitized by 



Google 



1 58 ABSTRACTS AND RE VIE WS [vol. xi, no. 3.] 

The electrolytic conductivity of the air in the layers near the soil was 
diminished rapidly during the first half of the eclipse and only slightly re- 
covered itself during the second half. This result is present as a diminution 
of the mean mobility of the ions both positive and negative. Moreover the 
ratio of positive to negative ions is noticeably increased from beginning to 
end of the eclipse. But the diminution of the quantity of negative ions was 
such that the total ionization seems to have been slightly diminished up to a 
half hour after totality. 

Beside the diminution of mobility of ions which can be ascribed to in- 
crease in relative humidity during eclipse, we find a diminution of total ioni- 
zation which can be related to decrease or absence of solar rays. On this 
hypothesis the continuous increase of the ratio of positive to negative ions is 
explained only by considering the relative direction of currents of conduction 
and convention. The values of mobility moreover indicate the presence 
in the layer explored of a considerable proportion of large ions of small mo- 
bility most of which have escaped measurement 

The weather conditions were as follows: sky clear in morning; at 11 
a. m. slight cloudiness began : increasing cloudiness at I2h 45m ; sun dis- 
appeared at \'^ o8»; clouds cleared away at 14** oo«. The author states that 
the effect of clouds is sufficient to mask any direct action of the solar rays. 

Ionic Content of the Atmosphere.* 

These observations taken mostly during the daytime between 10 a. m* 
and 4 p. m. are not well adapted to show the complete diurnal variation. 
They do show, however, that there is a marked increase in the number both 
of positive and negative ions from sunrise until some time after midday, the 
number falling off rapidly toward night This appears not only in the mean 
of both summer and winter observations, but also in the observation of any 
cloudless day. 

Gockel considers that the daily period of rate of dispersion is largely due 
to changes in relative humidity. He has also observed that the negative 
ionization decreases rapidly just at sunset 

A tabulation of the observation for the two years 1904 and 1905 shows a 
yearly variation with a maximum for both I + and I — in the summer months 
and a minimum in the winter months. In 1904 the maximum came in May ; 
in 1905 in July. Q the ratio of I + to I — has its maximum in winter, Novem- 
ber to February, and its minimum during summer or early autumn. " From 
this it follows that through the winter dust formation, the negative ions 
suffer much greater diminution than the positive." The ratio Q increases 
from 1.20 with a relative humidity of 40 per cent to 1.68 with a relative 
humidity of 90 - 100 per cent. 

In general the ionization increases with clearness of the atmosphere. 
Observations are cited which show that the conductivity of the air in a cloud 
layer over a mountain is not always small as Gerdien assumes. 

The author expresses the belief that the molecules of water vapor present 
in the air may possess a negative charge of electricity because of absorption 
of ions. 

*GoCKEL, A.: Ueber den lonengehalt der Atmosphare. Meteor. Zeitschr. 
1906, XXIII, pp. 53-67. 
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In general he finds an approximate relation between the radioactivity and 
the ionization. A diminution of ionic content of the air is without exception 
the work of dust or cloud layers. The author states moreover that during 
clear weather he has never observed values of I— under 0.15 E. S. U. per 
cubic meter except during formation of evening mist. 

The eflfect of dust layers on the potential gradient is such that within a 
short distance of the earth's surface this gradient may be greatly a£fected and 
so he qtfestions the accuracy of measurements of potential made between the 
earth's surface and a point in the atmosphere, and points out that space 
charges of considerable magnitude may exist in the lower layers of the 
atmosphere. 

Spontaneous Ionization of Air and Other Gases} 

This paper gives a review of the experimental evidence of spontaneous 
ionization. The author calls attention to the fact that the ionization of a 
closed mass of air increases slowly Mrith the lapse of time up to a limiting value ; 
this occurs even in air which has been freed from dust with the greatest care. 

This increase in the conductivity is ascribed to an ionizing radiation 
which may come : first, from a penetrating radiation from the materials sur- 
rounding the research vessel, the air and the walls of the building; second, 
from the material of the apparatus itself. For example, it may be primarily 
active because of its content of radium, thorium or actinium, or become radio- 
active under the influence of the atmospheric emanations. Here comes in, as 
one sees, the highly interesting question whether all matter is radioactive. 
Third, secondary rays may be generated in the material of the apparatus by 
the penetrating radiation, above mentioned in a way similar to the generation 
of secondary radiation by Roentgen rays ; and fourth, it is a question whether 
the gas employed may not absorb active emanation or possess a special faculty 
for absorbing ionizing rays. 

The action of the induced radioactivity was proved as follows : A wire net 
covered with aluminum foil was placed around an electroscope in a closed air 
space. This net was charged negatively to about 300 volts by attaching a dry 
pile. In the course of an hour the ionization had doubled as a result of the 
rays which were sent into the inner space by the radioactive layer collected on 
the aluminum foil. 

The remainder of the paper discusses the results of the different re- 
searches on the conductivity of air in closed vessels. 

Contact Electromotive Forces and the Improvement of the tonography 

In the course of some experiments with a self-registering ionograph^ 
the author observed that, when a sensitive electrometer was connected with 
an insulated metallic vessel from which a conducting liquid was escaping in 
drops, the electrometer needle showed a very small progressive deviation 
which reached a position of equilibrium in a few minutes. This position 

•Geitel. H.: Verhandl. d. Deutsch. Physik. Ges. 1906, VIII, No. 3, pp. 23-38. 
* NoRDMANN, Charles : Sur les forces ^lectromotrices de contact entre 
m^tauz et liquides et sur un perfectionnement de I'ionographe. 
Coniptes Rendus, 1906, March 12. 
7 Comptes Rendus, t. CXL, p. 430. 
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corresponds to a small fraction of a volt and is ascribed to a contact 
difference of potential between the liquid and the metaL This effect was 
found to vary with different liquids and also with different temperatures. 

To avoid this source of error in the registering ionograph the following 
arrangement was adopted. The Mariotte flask was grounded by a platinum 
wire reaching into the liquid. A small tube mounted on a special insulating 
support received the drops from the flask. The lower end of this tube was 
drawn to a fine capillary, so that when equilibrium was established drops of 
the same radius and equal in number to those which escaped from the flask 
would also escape from the insulated tube. A metallic wire connected this 
tube with the electrometer and the ion collector. 

Under these conditions the electrification due to contact potential is 
neutralized and the needle has an extremely steady zero. The successive 
indications are then proportional to the variable quantities of electricity car- 
ried by the ions. 

lons^ Electrons^ Corpuscles} 

These memoirs form part of a series of publications issued by the French 
Physical Society and were collected and published for the purpose of placing 
in the hands of the French ph3r8icists a certain number of works useful for 
consultation. They are arranged according to the alphabetical order of the 
authors* name and in chronological order for each author. There is also a table 
giving a subject classification. 

The subject matter of the memoirs is confined to that which is strictly 
necessary to define circumstances of production and the properties of centers 
of electrification. In some cases the details of methods and the results ob- 
tained as well as the more recent application of some of the theories have 
been omitted. 

In all, ninety-four memoirs are reproduced either in whole or in part 
and it is interesting to note the influence of the English school of phys icist 
led by J. J. Thomson. No less than forty-three of the memoirs are con- 
tributed by Englishmen ; of these, eleven are credited to J. J. Thomson 
and J. S. Townsend. 

While there is some dissatisfaction in having only portions of a valuable 
memoir available, yet this is a work which every physicist should possess, 
especially as it deals with nearly every phase of this rapidly developing 
subject 

Radioactive Matter Present in the Atmosphere} 

These experiments were carried out at McGill University, Montreal, Can- 
ada. The method followed was to collect the radioactivity on a wire charged 
to a negative potential of from 9000 to iiooo volts. 

The results of out of doors observations indicate that i cubic kilometer 
of air at Montreal contains as much emanation as would be supplied by from 
. 14 to .49 grams of pure radium bromide. Assuming that this emanation comes 

* Les Quantity Bl^mentaries D'Electricit^ Ions, Electrons, Corpuscules. 
M^moires r^unis et publics par Henri Abraham et Paul Langevin. 
Paris, Gauthier-Villars. 1905. 2 Vols. 1138 pp. 

• Eve, a. S.; Phil. Mag. 6th Series, 1905, v. x. July, pp. 98-113. 
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from the land area alone and as seems probable reaches to a height of about lo 
kilometers, there would be present over the land area the emanation supplied 
by from 170 to 610 tons of radium bromide. The lower limits are determined 
by observations in the free air while the higher values come from observa- 
tions inside a large iron tank in the Engineering building. The discrep- 
ancy between these values is due to some unknown cause. It is probable 
that a vastly larger amount exists because the greater part of the emanation 
is transformed before escaping from the earth. 

Experiments on the collecting distance of a negatively charged wire in- 
dicate that it collects the emanation from a cylindrical volume of 40 to 80 cms. 
radius, and not from a great distance as many have supposed. 

Accepting Rutherford's estimate that the quantity of radium in the earth 
can not exceed 28X 10' tons, he estimates that the depth from which the ema- 
nation present in the atmosphere arises is about 5 meters. 

Observations were made to determine the ratio between the ionization 
and the amount of emanation in a large iron tank in the Engineering build- 
ing. Great precautions were taken to prevent any source of error from out- 
side radioactive substances. These observations indicate that the emanation 
present is the cause of the ionization observed. 

Attention is called to the desirability of observations of ionization and 
induced radioactivity at sea. 

Diurnal Periodicity 0/ Ionization in Gases }° 

In the course of some experiments on the spontaneous ionization of air 
and other gases in closed vessels, a well marked diurnal periodicity was dis- 
covered having two maxima between 8 and 10 a. m. and between 10 p. m. and 
I a. m. respectively and two minima at 2 p. m. and 4 a. m. The cause of these 
maxima and minima has not been determined, but does not correspond to 
maximum and minimum of temperature ; the temperature falls steadily from 
6 p. m. to 7 a. m. 

The variations of the potential show some striking similarities. Its max- 
ima are not well defined, but occur at about the same time as those of the 
ionization above described. The minima are remarkably constant, however, 
and occur at 2 p. m. and 4 a. m. This diurnal variation of potential is most 
marked in February and it was during this month that the period of the ioni- 
zation was discovered. 

Vertical Electrical Currents in the Atmosphere}^ 

These observations were undertaken for the purpose of studying the 
eflfect of the eclipse of the Sun on the electrification of the higher layers of 
the atmosphere. The instruments used and methods of observations were 
identical with those of the ascension of May 11, 1905. As before, hot water 
was used for a portion of the ballast so that its escape would not disturb the 
electrical condition of the air as is the case with sand ballast. 

The ascension was from Berlin and the landing at Novemiasto near War- 

J« Campbell, N. R. and Wood, A.: Nature, 1906, April 19, p. 583. 

"Gerdien, H.: Messungen der Dichte des vertikalen electrischen Leitung 
stromes in der freien Atmosphare bei der Rallonfahrt vom 30. VIII. 1905. Nach. K. 
Gcs. Wissen. Gottingen, Math-Phys. Kl. 1905, Heft 5. 
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saw, Russia. An altitude of about 6000 meters was reached. On this day a 
deep atmospheric depression lay over the greater part of Europe and a layer of 
cumulus clouds stood between 1900 and 2600 meters. The wind was apt»roxi- 
mately west The results on account of the cloud layers do not allow any 
definite conclusion to be drawn regarding the effect of the eclipse which was 
partial in middle Europe. 

The potential fall and the currents were positive throughout. Observa- 
tions began at 1730 meters height showing a potential gradient of 40.1 V/m, 
The measurements show a regular fall to 7.9 V/m at the maximum height. 
Over a strato-cumulus layer between 3160 and 4080 meters, the potential 
changed from 31.5 to 28.5 V/m^ giving a decrease of potential gradient of 
0.00326 volt-meter2 or a positive space charge of 1.09X10"^° electrostatic 
units, while between 4080 and 4810 meters it fell from 28.5 to 11.4 V/tn^ or a 
change of potential gradient of 0.0234 volt-meter^ , indicating a positive 
space charge of 7.85X10"'° E. S. U. In the layers between 4080 to 6030 meters 
a positive space charge of 0.96X10"'° E. S. U. was fouud. In the strato-cumu- 
lus layer the number of both positive and negative ions was double that on 
the earth's surface, and exceptionally high values were obtained in the clear 
air at 6000 meters height. 

It is remarkable that the magnitude of the vertical electric currents is 
very much greater than on May u, 1905. On both days the current was posi- 
tive downward, indicating a drift of the positive ions toward the earth's sur- 
face. The maximum value of the current on May nth was 0.9X10^'^ amperes 
per cm.2 at an altitude of about 3200 meters. On August 30 the maximum 
value was about 3.0X lo-^s amperes per cm.2 at 4080 meters. At about 6000 
meters, the current was i.8Xio->5 amperes per cm.a , nearly five times as 
great as on May nth. 

More data are necessary before it can be decided whether these higher 
values are due to the low pressure and cyclonic weather, since those observa- 
tions are the first quantitative results ever obtained in the center of a great de- 
pression, as also those of May n, 1905, were the first ever obtained in a high 
pressure area. 
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MEASUREMENTS OF THE ELECTRIC POTENTIAL DUR- 
ING THE TOTAL SOLAR ECLIPSE OF AUGUST 
30, 1905, AT TRIPOLI, BARBARY. 

BY EMILIO ODDONE. 

[Second communication i of the Tripoli Bzpedition, conducted by Professor L. 
Palazzo, under the auspices of, the Department Terrestrial Magnetism of the 
Carnegie Institution of Washington.] 

The writer participated in the expedition which the Department 
of Terrestrial Magnetism of the Carnegie Institution of Washing- 
ton had entrusted in 1905 to Professor Palazzo, with the object 
of studying within or near the region of totality the variations of 
the elements of atmospheric electricity and of terrestrial magnetism. 
Professor Palazzo delegated to him the part relating to the electric 
and actinometric measurements; this report is confined to an ac- 
count of the electric observations. 

The plan prepared for the making of the electric measurements 
was very simple, and consisted in obtaining the continuous course 
of the potential on the day of the eclipse and during several days 
before and after the eclipse. The station chosen was Tripoli, Bar- 
bary, the apparatus having been set up on the upper floor of the 
Italian Royal Technical Commercial School. As was natural the 
electric conductors were placed on the terrace above, whereas the 
rooms immediately below the same were chosen for the placing of 
the electrometers. 

Two collectors operated by water were used. The one com- 
municated with a direct reading Exner electrometer, the other with 
two registering and independent electrometers of the Mascart type, 

1 The first communication on the results of this expedition, viz., *' Magnetic 
Blements Determined at Tripoli, Barbary,'' by Professor Palazzo, will be found in 
T. M. V. xi, page 93 (June, 1906). 
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SO that in case the registration of the one, through any accident, 
should have failed, dependence might be put upon the registration of 
the other. The water droppers were placed on the terrace at levels 
differing by six meters. The electrometers were tried at least 
twice a day — after the photographic paper had been put in appa- 
ratus and just before taking it out. The Exner electrometer was 
tried twice — once in Rome and a second time at Tripoli. 

Attention should be called to the difficulties encountered in the 
determination of the course of the potential during night time. 
The climate of Tripoli in the summer months is so damp during 
the night, that the supporting insulators, with the approach of even- 
ing, were covered with dew, and the electrometers registered little 
or nothing. However, the recorders were continued in action dur- 
ing the night, though in the publication of the results we have 
limited ourselves to the discussion of the observations during the 
actual hours of day, especially as they are the only ones which are 
of interest during the eclipse. 

In order to obtain the daily course of the electric potential for 
the period concerned, the average of all the potentials which had 
been read or registered from August 25 to September 5 at the 
same hour was taken, excluding only the observations on the day 
of the eclipse. The following Table I contains the results obtained. 

From this table it will be seen that the electric potential of the 
air has its lowest absolute value in the morning towards 5**:30"*. 
From 7 o'clock onwards it increases rapidly, and at ten o'clock 
its highest value of about 205 volts is reached. This is also the 
hour of the inversion of the wind, after which, perhaps in con- 
comitance with the sea breeze, the potential falls at first regularly 
from half past twelve to half past one, when the potential was 
about 90 volts. After this second minimum, the potential rises 
gradually and at about 5 p. m. there is a second maximum little 
lower than the first, an average of about 190 volts. After 5 p. m. 
the fall of the potential is generally rapid. And so it diminishes in 
the evening and night to the above-mentioned minimum of 5:30 
a. m. Many times, however, before sunset the collectors lost their 
efficiency rapidly, the supports, tables and even insulators them- 
selves being laden with dew and the electrometers no longer reg- 
istering anything. 

On comparing the course of the potential, as described above, 
with what is known of the usual daily period of atmospheric elec- 
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tricity during the summer months, a fair concordance is found. 
It is a well known fact that, in places where the electric oscillation 
is double, the absolute minimum of electric potential occurs in 
the morning between 4*^ and 5^ and the absolute maximum towards 
8**. The mid-day depression is also a general occurrence. The 

TABI.E I. Daily Course of the Electric Potential at Tripoli, Barbary, 



Hour 


Pomtki 


lour 


PoUBtial 


lour 


Potontul 


Hoar 


Potatul 


m.t.ofTripoU 


Tolts 


BLtofTripoU 


TolU 


BLtofTripoU 


VolU 


BLtofTripoU 


VolU 


Mid-ni^ht 


II 


h m 
6 00 


3 


b m 
Noon 


149 


h m 
18 00 


129 


30 


II 


630 


10 


12 30 


123 


18 30 


56 


I 00 


II 


7 00 


34 


13 00 


99 


19 00 


46 


I 30 


II 


7 30 


67 


13 30 


96 


19 30 


37 


2 00 


10 


8 00 


91 


14 00 


9^ 


20 00 


28 


2 30 


10 


8 30 


III 


14 30 


122 


20 30 


23 


3 00 


10 


9 00 


154 


15 00 


150 


21 00 


21 


3 30 


9 


9 30 


187 


15 30 


173 


21 30 


20 


4 00 


8 


10 00 


20s 


16 00 


176 


22 00 


18 


4 30 


6 


10 30 


193 


16 30 


177 


22 30 


17 


5 00 


4 


II 00 


190 


17 00 


198 


23 00 


14 


5 30 


3 


II 30 


180 


1.7 30 


157 


23 30 


13 



Notes as to the Observations, — The values of the potentials were com- 
bined three by three ; e. g,, the potential of 205 volts at 10 o'clock, was 
the average of the potentials registered at 9* 30*« o'clock, 10 o'clock and 
and 10* 30'". 

At 10* 30'" a slight sea breeze began. 

At 18* 3o*« the supporting insulators became covered with dew. 

secondary maximum which occurs generally at sunset, was found 
towards 5** p. m. 

The meteorological conditions on the days to which the above 
mentioned registrations refer, were characterized by hot land winds 
in the morning and sea breezes after about 10** a. m. 
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On the day of the eclipse, however, the desert wind (ghebli) 
rose suddenly and blew the whole day, and clouds of dust passed 
from time to time across the clear sky. These new meteorological 
conditions, as will be seen, disturbed the measurements. (See 
Figure I.) 

In this figure there has been fully reproduced the diurnal part of 
the photographic diagram of the potential g^ven by one of the 
registering electrometers on the day of the eclipse. The registra- 
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FiGXTRB I. Course of the electric potential at Tripoli on the day of 
the total solar eclipse, August 30, igoj, 

tion of the other instrument has almost double dimensions, but is 
absolutely identical. On the axis of the abscissae at the correspond- 
ing hours, the principal phases of the eclipse have been marked by 
appropriate symbols, viz., first contact, totality and last contact. 

The comparison between the two curves of Figure I leads to 
the following conclusions: 

i) The course of the potential on the morning of August 30 
was about normal. 
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2) The minimum ift the middle of the day was on the day of 
the eclipse about an hour and a half earlier. 

3) The course in the afternoon hours was almost the opposite 
of the normal change. 

4) A few minutes after the first astronomic contact the poten- 
tials at first in ascending course diminished considerably. 

5) Near the time of totality, about 2^ 38" t. m. E. c. p. m., a 
sudden maximum appeared, followed by a sudden fall. 

6) Another maximum less pronounced, but well defined, took 
place towards 3^* 40™ p. m. 

7) After half past 5*^ p. m. the potential showed a tendency to 
rise again, but there was no symmetry of curve about the hour 
of totality. 

As to the potentials given by the direct reading electrometer 
on the day of the eclipse, they assumed an almost regular and con- 
tinued ascent from 5 to 9:30 a. m., as is shown by the following 
figures: 

t. m^TiipoU. 5**0" 5*>30>n 6hom 61>3oni yhom yh 30m 81>om ^Tfioi 9ho» 9h 30« 
^nv!)u5?* 66 65 118 126 130 134 133 127 221 00 

The sign 00 is meant to show that the leaves at that instant 
had come into contact with the plates, that is had reached, accord- 
ing to the calibration, a potential higher than 250 volts. Embar- 
rassed by these unexpectedly high potentials, which contradicted 
what the registerihg electrometers recorded, there was nothing 
left but for us to use the Exner electrometer as the Lane electro- 
meter is used, keeping an exact record of the time intervening be- 
tween two consecutive contacts of the leaves against the nearest 
plates. Between two charges of the leaves the energy acquired 
by the system is constant: therefore keeping note of the time of 
the charge of the system during the various hours of the day, we 
were able to obtain the diurnal period of the quantity of electric 
energy furnished by the atmosphere in that neighborhood. 

Instead of repeating here the very numerous observations of 
the successive times of charges (1085 ^" ^^^ afternoon alone), there 
is given in Figure II the graph which represents the course of 
the electric energy during the hours of the eclipse. The abscissae 
mark the times in minutes, the ordinates the average times of 
charge in seconds. It is not difficult to see that the maxima 
and minima shown in this diagram by the numbers i to 11, are 
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to be found again in the course of the potential on the day of the 
eclipse, as given in Fig. I.^ 

Of the seven conclusions stated above, relating to the course 
of the potential, six are absolutely and literally applicable also to 
the course of the energy. Only the third proposition is out of 
harmony, but the effect of the contradiction is diminished by the 
fact already noted, that the registering apparatus, however careful 
we were, was not completely insulated. It is our conviction that 
but for the losses due to bad insulation, the curve of the recorder 
would that afternoon have had the same rise as the curve of the 
energy, with the details enlarged. 




PiGURB II. The course of the electric energy at Tripoli, Barbary, 
on the day of the total solar eclipse^ August 30, 190$. 

In passing on now to speak of the possible relations between 
the curve of the electric energy and the phenomenon of the eclipse, 
the discussion thereof must be brief. 

Evidently the eclipse can not be considered as the cause of the 
greater values of the energy on that day, because even before the 
eclipse energy and potential were rising from mid-day onwards, 
whilst normally the minimum lasts till half past i p. m. 

However, if the eclipse has nothing to do with the new aspect 
of the curve, it is certainly very worthy of note, and let us say also 

* In the reading apparatus certain features of the potentials were analogous to 
those in the registrations, but while the former kept its values high, in the latter 
something happened to depress the potentials, and this especially after the maxi- 
mum of 1.30 P. M. It is believed that the diversity of indications was the result of 
the better exposure of the reading apparatus as well as of better watching, whereas 
he registering electrometers were affected by the dust of the desert, and their 
records became gradually more and more defective. 
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very suggestive, that at 34 minutes past one — four minutes after 
the initial contact — the potential and the energy not only interrupt 
their very rapid ascent, but begin suddenly to descend. If it be 
borne in mind that other authors in five previous measurements 
made during an eclipse' believed to have observed a descent of 
the potential after the first contact, this new result is no weak sup- 
port to the hypothesis that the passage through the air of the cone 
of shadow due to an eclipse, has an influence on the atmospheric 
electricity ; whether the action be direct or indirect is for the pres- 
ent indifferent. On the course of the curve in proximity of con- 
tact 2d and 3d, let it be said, that in the majority of previous 
measurements it is found also that totality is comprised between 
one maximum and one minimum of the potential. 

For the sake of comparison I shall now say a few brief words- 
on the observations made simultaneously by the other observers om 
August 30, 1905, and published as a first report here and there 
in the principal newspapers. The unfavorable conditions of the 
weather in Spain diminished the value of the observations which 
had been most relied upon. 

At Tortosa, Le Cadet* wrote that the most remarkable singu- 
larities of the diagram are probably due more to the meteorological 
conditions than to the eclipse. He found an absolute minimunn 
12 m. after totality, followed by a maximum. 

At Vinaroz, Gockel* observed that the descent occurred abruptly 
17 minutes before totality, and that two minutes after the maximum 
phase the potential took a rapid leap upwards, followed by as sud- 
den a return. 

Father R. Cirera, of the Observatory of the Ebro at Tortosa, 
was kind enough to send us the electric registration which was 
obtained there. The variations during the hours of the eclipse 

^Elster und Geiiel, August 19, 1887;—-^. Ludwig, January 22, 1898;— i?. Oddone^ 
May 28, \^QO\—Elstery May 38, 1900;— ^f^r^, May 18, 1901. In the five measurements 
cited above, arguments are not wanting to show a more intimate analogy with the 
Tripoli curve, but I can not here dwell upon them. I recall instead that a measure- 
ment of atmospheric ionisation in Algeria (CA. Nordmann, May 18, 1901.— C. R. No. 23, 
page 945) leads to a different conclusion, but it must be borne in mind that in the 
first place the observations are not given in extenso, and in the second place that it 
is difficult to say up to what point there is a relation between the contents of the 
positive ions of the air measured by Nordmann at different hours of the day and the 
diurnal variation of the potential of the atmosphere. 

« C R. 22, p. 905, 1905. 

^Phys. ZHtschr, 19, p. 617, 6 Jahrgang. 
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were not very strong — ^not any stronger than during the other 
hours of the day — ^but it is necessary to bear in mind the fact 
noted down by him that the collector was not perfectly insulated. 

At Palma, Ebert* during the totality, or immediately there- 
after, saw the value of the quantities of negative electricity (U. E. 
by m.*) descend to — 0.33, while before and after its value was 
— 041 ; and Elster and Geitel* noted a minimum shortly after the 
maximum phase, followed by an increase of the gradient. 

At Philippeville, Nordmann^ found a course of electric potential 
characterized by a great rise of potential between i and half past 
3 p. m. t. m. E. c, a rise which corresponds to that at Tripoli on 
the better insulated electrometer. 

Now at Tripoli the land-wind was blowing, at Philippeville the 
sea-wind, therefore this rise is due to some reason other than the 
local direction of the wind. On the other hand, the rise in the 
post-meridian hours, brought into evidence in the two stations, 
can not be due to the eclipse for two reasons, first, because this 
rise in bodi places had had a vigorous start before the commence- 
ment of the astronomical phenomenon; and, secondly, because the 
maximum maximorimi took place at about the same hours t. m. 
E. c, while the totality always computed in t. m. E. c. happened in 
the two places at the distance of about three quarters of an hour. 

At Sfax, Salles* operated with a radium collector. From the 
preparatory measurements made in the ten days preceding the 
eclipse, he seems to have found an increase in the electric field 
towards mid-day with a descent between 4 and 5 p. m., the very 
reverse of the normal course found at Tripoli, and the re- 
verse of the usual daily course of the electricity in the summer 
months. On account of the action of the wind the leaves were 
in perpetual agitation, notwithstanding which during totality the 
field was observed to fall from 100 to 50 volts, then immediately 
to rise again to 150 volts, and fall again to 50. 

In a zone outside totality, on Mount Rosa 4559 meters above 
the sea-level. Dr. Camillo Alessandri operated with tellurium ra- 

* Phys. Zeitschr. 20, p. 617, 6 Jahrgang. 

<This summary notice is confirmed in the account of professors J. Bister, H. 
Geitel and P. Harms : Luftelektrische und Photometrische Beobachtungen wahrend 
der totalen Sonnen-finstemis vom 30 August, 1905 in Palma. Terrestrial Magnetism 
and Aim. Electr,, Vol. XI, March, 1906. 

f C. R. I. sem. 1906. 

8Th. Moureux. Cosmos, 54 Ann., p. 546, 1905. 
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dium collector and a registering photographic electrometer after a 
model of his own. It gave him a curve which, being on the rise 
before the commencement of the eclipse, showed after the eclipse 
a certain constancy of potential. Twenty-five minutes before total- 
ity, however, it recommenced rising and passing through oscil- 
lations of about 30 volts, it reached 990 volts at 2:30 p. m. t. m. 
E. c, twenty minutes after the totality. From that time the 
potential began to diminish with varied rates and generally very 
rapid ones until it annulled itself at 3:10 p. m., the condensation of 
the aqueous vapor on the insulators being presumably the pre- 
dominant cause of this fall. 

In the zone nearest to totality at Catania, Dr. Cavasino® found 
a course which was not the Tripoli one, but resembled the curve 
of the energy in mor^ than one characteristic. 

Having completed this somewhat brief review of the previous 
observations, there is next presented a table in which the above- 

Tabi^b II. — Relation between the physical phenomenon of the fall of atmospheric po- 
tential and the astronomic phenomenon of the eclipse. 





last of 
GrMn- 
wioh 


TimMoftlie 


Tiaet of tlM Maxioa and Minima of tha neetrie PotentUli 


Ualitj 


1ft 
Oonuet 


To- 
taUly 


4tk 

Contact 


Ma 


Ma 


Mi 


Ma 


Mi 


Ml«d 

mom 


Mi 


Ma 


Mi 


Ma 


Tortosa, . . 
Vinaroz, . . 
Monte Rosa, 
Palma, . . . 
Philippeville, 
Sfax, .... 
CaUnia, . . 
Tripoli,. . . 


033 
029 

7 54 
243 
658 
1046 
1500 
13 II 


h m 
"55 

1155 

1204 

12 01 

12 12 

1224 

1229 

1230 


h m 
13 16 

13 16 

13 21 

1322 

1332 

1345 

1345 

1350 


h m 
1435 

1435 
1433 
1449 
1448 
1458 
1454 
1502 


h m 
1200 

1208 

1231 
1235 


h m 
12 10 

12 17 
1232 

1240 
1245 


h m 
1220 

1235 

1250 
1258 


h ra 

1235 
/ 

1248 

1259 
13 II 


h ra 

1250 
1300 
1258 
1301 

139 
1322 


h m 

13 18 
1324 
1326 

1332 

1340 
1340 


h m 

1326 
1327 

1357 
1357 


h m 
1330 

13 3» 

1338 

1342 

1403 
1402 


h m 

1350 
1403 

1420 
1420 


h m 
14 14 

1444 
1443 



There is no correspondence between the longitudes and the hours of the eclipse because the 
trajectory of the axis of the shadow cone is inclined some thirty degrees to the parallels. 

•Mem. della Soc. degli Spettroscopisti Ital., Vol. XXXV, 1906, p. 15. 
3 
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mentioned stations have been so arranged that the times of the 
phases of the eclipse should be expressed in Greenwich mean time, 
and should increase as we descend in the table. For each station 
the hours of the principal minima and maxima of the atmospheric 
electricity observations are given as they have been deduced from 
the preceding account. 

In this table, columns 2, 3, 4 and 5, which constitute the astro- 
nomical part, as we might say, of the research, contain the times 
which the eastern edge of the shadow cone took to go from station 
to station. If analogous displacements of phase appear in the other 
columns, which constitute the physical part of the table, tliat is to 
say, if we succeed in finding indications that the physical phenom- 
enon has progressed with the same velocity as the astronomical phe- 
nomenon, then an influence of the eclipse is -probable. There seem 
to exist evidences of a course common to all stations. 

In proof of this, let us commence by observing that about five 
minutes after the first contact of 11** 55"* at Vinaroz, the potential 
presents a maximum, and shortly thereafter, at 12** 10™, that is, 
15 minutes after the first contact, it shows another, secondary, 
maximum. Now at Palma two anaiog^s maxima occur at 12^ 8"^ 
and 12** 17"*, and in Catania at 12** 31™ and 12** 40™, respectively, 
7" minutes and 16 minutes and 2 minutes and 11 minutes after the 
first contact. At Tripoli they take place at 12** 35™ and 12** 45"*, 
that is, respectively, 5 minutes and 15 minutes after the first con- 
tact. So that while the shadow cone required 35 minutes in pass* 
ing from Vinaroz to Tripoli, it also took 35 minutes for the diminu- 
tion of potential observed in Spain to be perceived in Tripoli. 

The other successive minima and maxima occur, respectively, 
at Tripoli 38, 36, 32, 22,^31, 32, 30 and 29 minutes, or on an average 
0131 minutes after they were noted on the East Coast of Spain; 
as we have seen, it took the astronomical phenomenon about 35 
minutes to traverse the interval between these two regions. Roughly 
speaking, the maxima and minima averages occur at Tripoli 25 
minutes after Palma, 22 after Mount Rosa, 17 after Philippeville, 
and 4 minutes after Catania ; whereas the astronomical phenomenon 
transpires at Tripoli 23, 28, 17 and 5 minutes after the respective 
stations named. The times given for Sfax do not correspond, but 
the other coincidences are significant enough, nor might we hope 
for greater accordance between curves which, both on account of 
the distance of the places to which they refer, and because of the 
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individual local characteristics complicated by the various meteor- 
ological influences, are far from being strictly comparable. 

Objections present themselves, e, g,: Admitting the above ex- 
plained hypothetic relation between the two phenomena, how is it 
to be harmonized with the fact that from the course of some sta- 
tions, including Tripoli, we have diminution of potential as the 
light decreases, and from the course of others, as at Monte Rosa, 
Philippeville and Catania, we have instead increase of potential? 
It may be shown that the contradiction has no great consistence. 

Let us suppose that at two of the competing stations, for in- 
stance Tripoli and Philippeville, the diurnal course of the potential, 
without the eclipse, the local time being the same, be very dis- 
similar and represented by the two broken lines of Figure III, in 
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Figure III. Comparison of effects at Tripoli and Philippeville, 



which are marked on the axis of the abxissae the position of the 

three principal phases of the eclipse. Let the eclipse catch the 

Tripoli curve between i** and 4** p. m., hence, in its highest 

part, where the variations are very small, whereas it enters 

the curve at Philippeville between 12** and 3** p. m., at a 

3v 
point where the g- at least at the commencement of the eclipse, 

is very rapid. 

Let us attribute, for the present, an action to the eclipse and, 
as is probable, let us suppose that at the beginning it causes a fall 
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of the potential of a quantity of the order of some tens of volts. 

As a result of the two effects, we shall have a marked diminution 

at Tripoli, where the electric variations at that hour were small, 

whilst at Philippeville we shall observe only a retardation in the 

rise of the curve. At Monte Rosa things must follow the same 

course as at Philippeville. At Catania the eclipse caught the atmos- 

8v 
pheric electricity curve in the portion where the 5- is not so much 

on the rise as at Philippeville, however more on the rise than at 
Tripoli; this is the reason why at Catania we observed a diminu- 
tion once the eclipse had begun, though not so strong as at Tripoli. 
In our opinion there is therefore at the beginning of the eclipse 
a general tendency in the potential to fall; only at Philippeville, 
at Monte Rosa and in a lesser degree at Catania this effect was 
masked by the strong increase of potential at that hour through 
reasons extraneous to the eclipse. 

We must appeal to analogous reasons of superpositions of ef- 
fects in order to explain how on the return of the light, the potential 
did not everywhere tend to increase. In the stations where about* 
that hour the course of the potential was strongly diminishing, such 
a fall was able to mask the small increase due to the return of the 
light. In our opinion this is what happened at Philippeville and 
at Monte Rosa. 

As a second objection, we might be asked why the physical 
phenomenon instead of being limited to a simple oscillation of 
potential concomitant with the diminution and increase of light, 
shows on the contrary at the different stations different maxima 
and minima. Theory can not furnish an answer to this question, 
nor can theories, we might say, for there are two at least — Ebert's 
and that of Elster and Geitel. It is known that they foresee an 
increase of potential at the decreasing of the light, and they see 
a confirmation of this in the increases which happen shortly before 
the totality, and attribute the delay either, as Ebert does, to the 
increased inertia of the ions in the air, or, as Elster and Geitel do, 
to the interrupted photo-electric power of the light in the higher 
regions. But none of them mention the other oscillations, as for 
instance the fall of potential at the commencement of the eclipse. 
Therefore both of these theories respond to facts in a manner still 
incomplete. 

Since the field is still open to hypotheses, I will not fail to call 
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the attention of physicists to a strange relation which would have 
considerable significance could it be shown it was not a fortuitous 
coincidence. In a recent study upon this same solar eclipse, I found 
that the thermic and attinic radiant power of the various parts of 
the solar disc, for the same apparent surface is not everywhere 
equal, but diminishes from the center towards the periphery. Now 
in the phases where the thermic radiant power was superior to the 
average radiation, one may deduce that the potential was falling; 
this happened at Tripoli between i** 20™ and 2** 15"* p. m. At 
2h ijin ^hen the radiant power of the uncovered solar portion was 
equal to the average radiation, the potential reached its minimum 
value, and when the radiant power was inferior to the average 
radiation, the potential rose till 2** 35™ p. m. In the immediate 
neighborhood of the totality it is not clear why the potential should 
fall and have at 2** 51"* p. m. a minimum with respect to the totality 
symmetrical with the maximum of 2** 35°* p. m., but after this the 
potential rises and touches its maximum and diminishes when the 
radiant power is respectively inferior, equal or superior to the above 
named average radiation. We seemed to observe the same increase 
of the potential when the actinic radiant power passed from a 
superior value to a value inferior to the mean solar actinic radi- 
ant power ; however, we can not enter here fully into the question, 
since our actinic measurments turned out to be even less complete 
and exact than the thermic measurements. 

On the probable order of magnitude of the variation, we shall 
say that during the eclipse the registering electrometers at Tripoli 
recorded, in the extreme values, differences in potential of a hun- 
dred volts. The difference at Vinaroz was 22 volts according to 
Gockel, and 20 volts at Tortosa according to Father Cirera. At 
Palma, Elster and Geitel found 40 volts ; at Sfax, Dr. Salles seems 
to have discovered excursions even of 100 volts; at Catania, at 
Monte Rosa and at Freiburg, Dr. Cavasino, Dr. Alessandri and 
Mrs. Gockel found, respectively, 62, 1,000 and 250 volts. Within 
these extremes, certainly not caused by the eclipse, the variations 
which may have probable correlation with the astronomic phenom- 
enon had lesser excursions perhaps below 40 volts, an order of 
magnitude more or less comparable with that already found in 
previous observations. 

I do not hide the fact that I have made some efforts to extract 
something from these observations. The conclusions which I 
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believe to have reached must be understood as subject to some 
reservations, on account of the fact that on the day of the eclipse 
the meteorological conditions at Tripoli were abnormal, and that 
almost the same thing happened, alas, in the majority of the stations 
where electric measurements were taken. In order to reach more 
definite conclusions, it is desirable that observations of atmospheric 
electricity with the same bearing they have had this time, may 
be repeated at some future eclipse. And then it is to be hoped 
that the meteorological conditions may everywhere be such as to 
allow of our attaining results susceptible of easier and more reliable 
discussion. 

Roma, R, UfUcio Centrale di Meteorologia e Geodinamica. 
August, igo6. 
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VORLAUFIGE MITTEILUNG UBER MAGNETISCHE VARIA- 
TIONSBEOBACHTUNGEN IN EINEM BERGWERK. 

VON DR. AD. SCHMIDT IN POTSDAM. 

Durch ein wesentlich den Herren Landesgeologen Professor Dr. 
Schneider und Professor Dr. Jentzsch zu verdankendes Zusammenwirken 
der Preussischen Geologischen Landesanstalt und des Potsdamer Mag- 
netischen Observatoriums ist es nach langeren Vorbereitungen gelungen, 
in einem Kohlenbergwerk in der Nahe von Dortmund (in Westfalen) 
fiir einige Zeit eine magnetische Doppelstation in Betrieb zu setzen, um 
die Frage zu entscheiden, ob die magnetischen Variationserscheinungen 
in den uns zuganglichen Tiefen im Erdinnern bereits merkbare Ab- 
weichungen von denjenigen an der Erdoberflache zeigen. 

Die Anlage befindet sich auf der der Gelsenkirchener Berg^^'erks- 
Aktien-Gesellschaft gehorigen Zeche Monopol und ist, von der instru- 
mentellen Ausrustung und dem der Technischen Hochschule in Aachen 
gehorigen Beobachtungshauschen abgesehen, von dieser Gesellschaft in 
dankenswerter Weise auf ihre Kosten hergestellt worden. Auch der 
Betrieb wird von ihr unterhalten. Die Instrumente hat Herr Mechaniker 
Schulze in Potsdam fiir diesen Zweck gebaut und ohne jede Entschadi- 
gung leihweise zur Verfiigung gestellt, ein Entgegenkommen, das um 
so hoher anzuerkennen ist, als das ganze Unternehmen dadurch uber- 
haupt erst moglich gemacht wurde. Der Betrieb wird von Herm Mark- 
scheider Stiepel geleitet, der zur Vorbereitung darauf im Friihjahr dieses 
Jahres vierzehn Tage am Potsdamer Observatorium gearbeitet hat. 

Von den beiden Stationen liegt die oberirdische in einem Park, 
290m siidlich von dem Schacht Grimberg, durch den die Einfahrt nach 
der unterirdischen in einer Strecke in Flotz 8 gelegenen Station erfolgt. 
Die erstere liegt 76m iiber, die letztere 737m unter dem Meeresspiegel 
(Normal-Null). Die vertikale Distanz betragt danach reichlich 800m, 
wahrend die horizontale Entfernung nur rund 250m ist. Die oberir- 
dische Station ist in einem, nach den Angaben von Herrn Professor 
Haussmann, eigens dazu erbauten Holzhauschen untergebracht, dessen 
Wande, Dach und Fussboden zwei getrennte Bretterlagen besitzen, 
zwischen denen der Hohlraum mit Korkschrot ausgefiillt ist, und von 
denen die aussere auf der Innenseite mit Linoleum, auf der Aussenseite 
(ausser bei dem Fussboden) mit Asbestplatten bedeckt ist. Die Pfeiler 
sind ebenso wie in der unteren Station aus dem hinreichend unmag- 
netischen Nebengestein des erwahnten Flotzes mit Kalkmortel und 
Rheinsand als Bindemittel aufgemauert worden. 

Die instrumentelle Ausriistung stimmt an beiden Stationen voll- 
kommen iiberein; sie besteht an jeder aus einer Wage, einem zunachst 
als Deklinatorium dienenden Quarzfaden-Unifilar, das spater eine Zeit 
lang als Horizontalintensimeter benutzt werden soil, und einem Regis- 
trierapparat, der vorlaufig mit 24-stundigem Umlauf (wobei auf eine 
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Stunde eine Abscisse von 20mm kommt) arbeitet, aber audi auf 2- 
stiindigen Umlauf eingestellt werden kann. Alle Variometer sind nach 
dem Vorbild der seit zwei Jahren in Potsdam eingefiihrten Einrichtung 
mit Leitungskreisen zur Skalenwertsbestimmung durch galvanische 
Ablenkung versehen. 

Die Beobachtungen haben in den letzten Tagen des Septembers 
1906 begonnen. Die Deklinationsunifilare, die etwa 125cm vom Re- 
gistrierapparat aufgestellt sind, besitzen vorlaufig nur eine sehr geringe 
Empfindlichkeit (etwa 87 auf imm), die nach Abschluss einer ersten 
Beobachtungsreihe durch Astasierung wesentlich erhoht werden soil. 
Die beiden Wagen sind dagegen von An fang an sehr empfindlich auf- 
gestellt, besonders die obere, deren Skalenwert ungefahr 0.57 auf imm 
betrag^. Es verdient hervorgehoben zu werden, dass trotzdem bis jetzt 
(d. h. zwei Wochen hindurch) keine Storung im Funktionieren der 
Wagen, ja nicht einmal eine gelegentliche Versetzung vorgekommen ist, 
was ebenso fiir die im Betrieb angewandte Sorgfalt wie fiir die gute 
Konstruktion der Instrumente spricht. In letzterer Hinsicht ist in 
Uebereinstimmung mit den am Potsdamer Observatorium seit zwei 
jahren gemachten Erfahrungen die Gestalt der Lager, auf denen die 
Schneiden des Wagemagnets ruhen, von sehr gunstigem Einfluss. Diese 
Lager sind nach einem von dem verstorbenen Mitarbeiter des Observa- 
toriums. Professor Edler, gemachten Vorschlage sattelformig ausgebil- 
det, so dass die Schneide jedes Lager nur in einem Punkte beriihrt. 
(Im Sinne der allgemeinen Flachentheorie ist es ein hyperbolischer 
Punkt und die Schneide liegt in dem nach oben konvexen Hauptschnitt, 
mit dessen Haupttangente sie zusammenfallt.) 

Ueber die Ergebnisse der Beobachtungen wird natiirlich erst nach 
langerer Zeit eingehend berichtet werden konnen, da nicht nur eine 
grosse Anzahl zweckmassig modifizierter Untersuchungen und Beob- 
achtungsreih^n durchzufiihren ist, sondem vor allem auch bei der a 
priori zu erwartenden Geringfiigigkeit der etwaigen Differenzen eine 
sehr sorgfaltige Ermittelung der Instrumentalkonstanten und eine um- 
fangreiche Reduktion der Beobachtungen erforderlich ist. 

Aus diesem Grunde rechtfertig^ es sich, wenn dasjenige, was sich 
bereits aus den ersten gleichzeitigen Registrierungen der beiden Sta- 
tionen abnehmen lasst, schon jetzt berichtet wird. Es ist dies im wcsent- 
lichen die den theoretischen Erwartungen durchaus entsprechende 
Feststcllung, dass in den schnell verlaufenden Schwankungen (und von 
den langsameren, wie vor allem von der taglichen Variation ist dies 
natiirlich in noch hoherem Grade zu erwarten) im allgemeinen kein 
Unterschied zwischen beiden Punkten zu bemerken ist. Ganz verein- 
zelt treten jedoch gelegentlich kleine Differenzen auf, die ihrem 
Charakter nach nicht ohne wei teres den Eindruck erwecken, als seien 
sie auf kiinstliche Storungen zuriickzufiihren. Immerhin bedarf die 
Moglichkeit einer solchen Erklarung der griindlichsten Priifung, ehe 
etwas Bestimmtes iiber die sachliche Bedeutung jener Differenzen gesagt 
werden kann. Solche Storungen konnen nicht nur von den elektrischen 
Anlagen des Bergwerks selbst herriihren, obschon dieses gerade gewahlt 
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worden ist, weil es verhaltnismassig unbedeutende Anlagen dieser Art 
besitzt, sie konnen auch den elektrischen Strassenbahnen der in einiger 
Entfernung gelegenen Stadte (Dortmund, Bochum u. s. w.) entstammen. 
Storungen dieser Art, durchaus ahnlich den von Herrn Bauer kiirzlich 
in dieser Zeitschrift geschilderten (Terr. Magn. 1906, pag. 53), sind in 
der Tat in den Kurven, und zwar iibereinstimmend an beiden Stationen, 
deutlich zu bemerken. 

Es mag zum Schlusse noch darauf hingewiesen werden, dass in 
anderen Gebieten, in denen die Zwischenschicht aus magnetisch stark 
induktivem Gestein besteht, hatiirlich nicht eine so weit gehende Iden- 
titat der Variationen iiber and unter Tage zu erwarten ware. Ebenso 
bleibt die Moglichkeit starkerer Differenzen zu Zeiten mit intensiv 
entwickelten Erdstromen bestehen. Auf jeden Fall miissen die Er- 
gebnisse, wie sie auch ausf alien mogen, eine obere Grenze fiir die In- 
tensitat der Erdstrome in den oberen Schichten auch fiir die Zeiten 
normalen Verlaufs liefern und damit eine Priifung der aus den beobach- 
teten Spannungsdifferenzen und der Leitfahigkeit des Erdbodens abgelei- 
teten theoretischen Werte ermoglichen. 

Potsdam, d, 13. Nov., 1906. 



AGGIUNTA ALLA NOTA "SOPRA LE PERTURBAZIONI 
MAGNETICHE DOVUTE AL TERREMOTO DELLA CALA- 
BRIA DELL' 8 SETTEMBRE 1905."^ 

G. B. RIZZO. 

Nella Nota sopra citata, sulla fede di una comunicazione ricevuta 
dal Signor Direttore della Sezione Geofisica dell' I. R. Ufficio Idro- 
grafico'di Pola, ho scritto che ivi, fra le ore 1 e 2 (t. m. civ. Gr.) del 
giorno 8 settembre 1905, le curve magnetiche non presentarono traccia 
di perturbazione. Ed ho anche cercato di spicgare questa cosa singolare, 
che, ad una cosi piccola distanza dal I'epicentro del movimento sismico, 
non vi fosse stata una corrispondente perturbazione degli strumenti 
magnetici. 

Ora, con una cortese lettera. della quale lo ringrazio, il Signor 
Direttore dell' I. R. Ufficio Idrografico di Pola mi informa come in oc- 
casione del terremoto della Calabria, che e oggetto del mio studio, fu 
invece registrata una cospicua pertubazione nella curva del declinometro 
che prima non era stata osservato a circa i** 46™, cioe in corrispondenza 
alia fase principale del movimento sismico registrato dal sismografo 
**Vicentini." 

Nel pubblicare questa doverosa rettifica osservo che adesso, essendo 
eliminata la eccezione relativa a Pola, si puo affermare m modo piu 
generale che Vazione del terremoto della Calabria si t anche manifes- 
tata sopra la maggior parte degli strumenti magnetici Uno alia distanza 
di circa 1900 Kilometri, come e detto nella Nota a cui mi riferisco. 

* Terrestrial Magnetism and Atmospheric Electricity for Sept. 1906, Vol. XI, 

p. 113. 
4 
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MAGNETIC SURVEY OF THE DUTCH EAST INDIES 
By W. van Bbmmblbn. 

[Fifth Commoniaition.t] 

In 1906 the survey was for the greater part completed by the observations 
secured on two trips, the first in the month of February from Pontianak up the 
river Kapuas to Central Borneo, the second along the Minor Sunda islands to 
Southern New Guinea. The instruments and methods of observation were the 
same as in previous years. The results given in the following table have not 
been corrected, either for instrumental difference with the standard instruments 
at Batavia, or for diurnal and other variations. [BaUvia, Dec., 1906.] 

Table of Results of Obsrrvations in 1906. 

[Uncorrected for Diurnal Variation.] 



STinOI 



Pontianak 

Sanggau 
Sintang 
Smitau 
Patu Sibu 



S«pauk 

Tajan 

Sambas 

Lawang 

Buleleng 

Ampenan 

UbuA ladji 

Snabftva 
Bima 

Ubua Badjv 

Maumerie 

Larsntoka 
Kupang 



Atapupu 
Timor D«Ui 



Alor 

Endeh 

Baa 

Seba 
Merauke 



Adaut 

U^atD^apu 
Ngupit 



Groaoof 
blanisor 
PriBdptl 



latitad* 



Borneo Borneo 



Java 



Java 



Bali Bali 
UmUk I Uabok 

Suibftva I Suibftwt 



o' l'20"8 

o 7 30 n 
o 4 30 n 
o 3325" 
o 51 25 n 



4 10 n 
230 » 

30 24 n 
55 00 

5 55 » 
50 o s 

12 28 8 



8 5 40 8 

8 34 17 8 
8 40 23 s 



8 28 O 8 
8 27 30 s 
•• i ' I 8 27 33 » 
Plore8 Flores I 8 29 3c a 



3** 30 8 
3« 32 8 

2045 8 

9 55 8 

952 8 

9 5» 8 

59 57 8 

34 o 8 

34 o 8 

33 58 8 

1250 8 

4940 8 



Timor Timor 10 



Alor Alor ; 8 
Flores Flores 1 8 
Rotti I Rotti 10 
Savu Savu 10 
I. Guiatsll. GaiMs, 8 




■I 



43 O 8 
29 3 8 
2850 8 



8 2849 8 



80s 



Selaru 

Sumba jSumba 9 37 16 s 

Java I Java I 7 39 40 s 



last of 
GrMBwiik 



Latal E T. af Obatrratifla 



SaeUaa- 



Soatk 

laeliaatiMi 



t'Uataa- 
ntrCG. 
SUttiti 



109^ 


20' f 


liO 


3652 


III 


295a 


111 


57 52 


112 


.555a 


III 


12 9 


no 


712 


;s 


32 

5940 


112 


932 


112 


41 9 


"4 


23 


"5 


530 


116 


4 15 


116 


,34x5 


"? 


2340 


118 


4320 


118 


4320 


119 


52 



Feb. 



Oct. 



Dec. 
Oct. 



Dec. 
Nov. 



26 
27 
28 
4 



122 940 

«" 9 45 

122 59 20 
•23 33 37 
"3 33 37 

123 33 37 
«24 51 18 
«25 34 o 
125 34 3 
125 3358 

124 20 o 
121 38 o 
123 2 o 
121 50 o 
140 22 45 

140 22 46 



131 7 o 



120 13 20 

no 3S45 



Dec. 
Nov. 



Dec. 



l\ 

4 I 
6 
18 I 

7I 

8 I 
8 I 

30 

10 

12 

13 

M 

23 

23 

24 

24 

II 

28 
3 



H U 

10 22a 
4 55P 

7 34« 

6 35« 
835* 

10 23a 
4 2p 

7 24a 

8 5* 
7 23a 

6 I7P 
258P 

2 39P 

7 30« 

6 37* 

'7 ^' 

7 27a 

9 24a 

3 27P 
258P 
938a 

7 57a 
6 29a 
9 56a 

8 30« 
338P 

6 35a 

3 4P 
I 25P 

7 X9a 

8 3a 

7 52a 

4 24P 
1 28p 

8 39a 
3 2op 
3 3»P 
3 2op 



8 23a 

9 39a 

346P 

5 I9P 
9 Ma 

7 49a 



I24P 


358P 


10 14a 


942a 


1046a 


845a 


032P 


936a 


9 3a 


9 3»a 


6 I2p 


II 14a 


520P 


1041a 


9 7a 


0I7P 


933a 


1051a 


II 41a 


2 7P 


1 «3P 


11 loa 


t^ 


II 17a 


II i6a 


236P 


10 13a 


1132a 


3i6p 
815a 


926a 


935a 


1032a 


2 26p 


1031a 


2 op 


I 9P 


14^P 


1043a 


ii'soa 


5 45P 


1049a 


II 26a 



10 40a 

59P 
754a 
7 12a 

10 oa 

6 i6p 

losia 
740a 

1% 

7 22P 

9 7a 

i op 
842a 
719a 
1139a 

8 4a 
10 12a 

947a 
3 47P 

2 44P 
954a 
815a 
72oa 

10 iia 
923a 

3 55P 
850a 
3I9P 
I59P 
732a 
8 17a 
8 8a 

11 8a I 

1 46p 

855a ; 
340P 

I58pl 
336P 
o 6p I 
10 52a 



' i%3-'8 
I I 41.0 
I I 43- o 
I I 51-7 
I 503 



1 57.0 

2 1.6 
1 51.1 
I 36.5 
I 32.2 
I 31- I 

1 31.7 

2 6. 3 
1 34.7 
I 36.3 

I 96. I 



3.3 
I 49.6 
I 40.3 
3 16.8 
I 52.4 

1 46. o 

2 27.9 
2 35. o 

, 2 30. 9 

I 2 33. I 

1 55- a 

2 31. 5 

I 3 ts! 8 



3 9.0 
a 38. 8 
345. I 
245 8 

2 41.3 

3 23.6 

2 35.8 

3 18. I 



428.3 
4 26.9 



4 ip I 3 20. 3 
I 3 17. 7 

943a I 3 II. I 

10 oa o 54- 3 



18' 6/ 3 
18 8. 8 
17 ^2. 6 
17 26. 4 
16 14. 6 



15 26. I 

X5 25- 3 

17 33- 8 

17 58. 9 

14 50. » 

to 39. 3 

33 28. 1 

32 32. O 

33 «». I 
33 »5- 6 
32 49. 7 

32 59- 2 

33 38- 4 
3336. 8 
33 41. 1 
33 »7. 7 
33 32. 4 
33 31. o 
33 36. 7 
33 25- 6 
32 19. 6 
32 33- 8 

ru 

35 18. 3 

35 8. 9 
32 34. 6 
31 38. I 
31 37. 3 

31 36. 7 

32 7. 7 
32 50. 6 
35 59 9 
35 45. 8 
29 43. 3 



'0.385S3 
38540 
I 3>m65 
I ^" 
I 38680 

I 3873^ 
I 38494 

I 387*>7 
3S653 
36214 
36955 

I 36594 



36^^ 
36852 
36521 
36522 
36770 
30618 
36405 
.^6459 
36516 
36750 
36864 
36930 
36656 
36602 
36642 
36749 
37 1 21 
37125 
37"6 
36910 
37»23 
36320 
36414 
37273 
37212 
37252 



2943. 

30 14. o 37356 



34 31- 2 
32 4a. 8 



36507 
.16516 



For previous communications, see T. M. v. IX., pp. 34, 155 ; v. X., p. 15, and v. XI., p. 49. 
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RECORDS OF SEISMOGRAPHS IN NORTH AMERICA 
AND THE HAWAIIAN ISLANDS. No. III.* 

By Harry Fielding Reid. 

The following contains the records of seismographs in North 
America and the Hawaiian Islands for the first half of 1905. The 
times are Greenwich mean civil times beginning at midnight, 
counting the hours from o to 24. The following abbreviations 
are used: 

P, T,— preliminary tremors ; P. P, ^principal part ^ sometimes 
called long waves. 

The location of the stations, the type of instrument installed, 
and the components of motions registered are as tabulated below : 

Tabids L — Location of Seismograph Stations and Pertinent Data, 



SUtions 

Arranged 

AlphabeUcally 



SUte 



Deaig- 
nation 


Latitude 

N. 


Longi- 
tude W. 
of Gr. 




/ 


/ 


B 


39 17.8 


76 50.5 


C 


38 44-0 


76 37.2 


H 


21 19.2 


158 03.8 


M 


14 34.7 


239 01.7 


MH 


37 20.4 


121 38.6 


PR 


18 08.3 


65 26.4 


S 


57 02.9 


135 20.2 


T 


43 39.6 


79 23.4 


V 


48 27 


123 22 


W 


38 54.3 


77 03.1 



Type of 
Seismograph 



Compon- 
ent reg- 
istered 



Baltimore, 
Cheltenham, 
Honolulu, 
Manila, . 
Mt.Hamilt*n 
Porto Rico, 
Sitka, . . . 
Toronto, . . 
Victoria, . . 
Washington 



Maryland, .... 
Maryland, .... 
Hawaiian Islands, 
Philippine Islands, 
California, .... 
Porto Rico, . . . 

Alaska, 

Ontario, 

British Columbia, 
Dist of Columbia, 



Milne, . . . 
Bosch-Omori, 
Milne, . 
Vicentini, 
Ewing, . 
Bosch-Omori, 
Bosch-Omori, 
Milne, . 
Milne, . 
Bosch-Omori, 



NW 
N & E 

E 

All 

AU 
N & E 
N & E 

E 

E 

N 



1 The first two papers of this series appeared in this Journal for June and 
December, 1905 (Vol X, p. 81 and p. 177, respectively). 
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Records are missing at the following times : 

Baltimore: Feb. — 6d, 2o.3h-i3d, 2ih; 2od, 2i.8h-27d, 20. 6h. April 
— 5d, 22h-iod, 2o.8h. May — ijd, t6h-2i.5h; 26d, 22.2li-27d, 2.2I1; 
27d, 14.2h-20.7h; 3od, 9h-i3. 7h; 3od, i8.5h-3id, 2.2h. June — 3d, 16. 
8h-4d, I. 3hi 5d, 14. 5h-6d, 36h ; 6d, ii.8h-22h; 9d, 2i.5h-iod, 3.2h; 
I3^» I5.5h-2ih; I4d, io.2h-i9h; I4d. 20.3h-21.9h; I5d, 17.7h-22.2h; 
i6d, i8h-20.6h; I9d, 2o.3h-2od, 2.2h; 2id, 10.3h-14.8h; 22d, oh-26d, 
2ih; 28d, 23.5h-29d, 2.5h; 29d, 20.5h-3od, 2.5h; 3od, 23.ih-July id, 
io.3h. 

Honolulu: Feb. — 23d, i8.9h-24d, i8.8h; 23d, 4.5h-i8.9h; 24d, 18. 
8h-27d, 2oh. March — 2d, iih-i9h; 9d, ii.5h-iid, r8.9h; 24d, i3.5h- 
I9.9h; 25d, I7.7h-i8. 9h. April — 7d, 10. 9h-i9.4h; 27d, 23. 2h-May 
2d, i9.3h. May — 2id, 17.7h-18.4h. June — i8d, 3.8h-5.4h; 27d, 19. 
ih-2oh. 

Air-currents or " Unruhe," occurred as follows : 

Baltimore: Jan. — 4d, 2.5h-7.8h; 5d, 2.3h-5.5h; 8d, 2.2h-24h; 

lod, 21.6h-22.6h; iid, 3.7h-8h; I2d, 3.7h-8.3h; I4d, 3h-8.4h; I5d, 2h-23th ; 

I9d, 6h-8.5h; 2id, 5h-9h; 22d, 3h-23h ; 23d, ih-7h; 25d, 4.2h-8h; 26d, 

2h-8h; 29d, I2h-23h; 3id, 3. 2h-5h. Feb.— 2d, 4h-7-5^; 3<i» I5- 3h-i5-6h; 

4d, 3.2h-7h ; 5d, i2h-23h; I5d. 2h-7h; I7d, i4d, 5h-7h ; i9d, 4h-2oh. 

Notes to Table //. 

In comparing the records above, I have had the help of Circular 
No. 12, of the Seismological Committee of the British Association for 
the Advancement of Science. I also had copies of the seismograms of 
some of the North American and Hawaiian stations. The records from 
Manila have been taken from the Bulletin of the Philippine Weather 
Bureau, and have only been included where they refer to the disturb- 
ances recorded at Honolulu. The records from Sitka have not been re- 
ceived. 

3. Jan. 13. — Originates somewhere in the western Pacific Ocean ; 
it was recorded in Asiatic and European stations, and in Honolulu, 
where it was fairly strong ; but it was not recorded at any station in 
North America. 

4 and 5. Jan. 16 and 19. — These are small swellings of the line of 
the seismogram ; and were recorded only at Honolulu. 

6. Jan. 20. — A small earthquake, whose origin was 550 miles N. E. 
of Vieques, Porto Rico, and whose time was i8h 40m. The tirst recog- 
nized movements of Baltimore, Toronto, and Cheltenham, e, were the 
second group ; this is also true of Shide, England ; whereas Kew, En- 
gland, and San Fernando, Spain, only recorded the principal parts. An 
earthquake was recorded at Manila at the same time, but it was not 
connected with this one. 
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7. Jan. 20. — Small shock, with origin apparently not far from Ma- 
nila, in the southern part of the Sulu Sea, Philippines. 

8. Jan. 22. — ^This earthquake was generally recorded; it occurred 
about 2h 43m in the northwestern part of New Guinea. The P. P. for 
Honolulu should probably be 5m later. 

II, 12, and 13. Jan. 29, 31 and Feb. 3. — May have originated in the 
northern part of North America. 

14 and 15. Feb. 3 and 4. — Were recorded only at Honolulu. 

16. Feb. 6. — Origin perhaps near the Caroline Islands. 

17. Feb. 13. — The origin is probably northeast of Australia and the 
time of occurrence about 5h 27m. The first movement recorded at 
Cheltenham probably refers to the second g^oup. 

18. Feb. 14. — This earthquake occurred south of the Aleutian 
Islands. The time was about 8h 47m. 

20. Feb. 17. — ^The records do not define the phases at all well. The 
earthquake seems to have occurred near Calcutta or Indo-China, about 
iih 40m, but the records do not fit well. 

22. Feb. 19. — Origin uncertain, possibly near the Caroline Islands. 

24. Feb. 2^. — Reported at most foreign observatories, but small 
everywhere, and times not very harmonious. Origin not determined. 

25, 26. and 2^, March 4 and 5. — Three shocks, which probably came 
from the same region, not far from the Caroline Islands. The general 
times are not very accordant, especially among the Asiatic records. The 
length of the P. T.'s of No. 27 at Honolulu indicate an orgin about 35** 
distant ; but if this is true the velocity of propagation from the origiti 
must be more rapid towards the west than towards the east. 

28. March 6. — Small disturbance, with origin probably northeast of 
Porto Rico. 

33. March 19. — The Honolulu record is almost identical with that 
of No. 27, except that the amplitude is greater. The origin must be 
greater. The origin must be near the Caroline Islands, and the time 
about oh oom. 

34. March 22. — Origin about 1800 miles east of Honolulu and time 
about 3h 46m. Cheltenham, Washington and Porto Rico probably be- 
gan their record with the second group ; and the time of the Washing- 
ton second group should probably be the long waves. The English 
observatories seem to have felt the P.«T.'s at about 4h. 

35. March 22 — A small shock, ^\^th origin about midway between 
Honolulu and the Aleutian Islands and time about iih 09m. 

36. March 24. — Slight shock, with origin probably near the Caro- 
line Islands. 

37. April 2. — Recorded only at Honolulu. 

38. April 4. — The great Indian earthquake, which caused so much 
destruction in the north of India. 
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39 and 40. April 12 and 16. — Origin probably in British America; 
very slight. 

41. April 17. — ^Very like No. 37. 

43. April 19. — Origin not determined by these records; probably in 
the western Pacific. 

49. April 26. — Origin about 1000 miles northeast of Porto Rico, and 
time about 2ih 28m. 

51. May 4. — Origin on the Island of Hawaii, about 200 miles from 
Honolulu, at 2h 40m. It is reported to be the strongest shock felt there 
for many years. The record begins abruptly and reaches a maximum 
in a minute and a half. 

52. May 9. — ^This earthquake occurred in the southern part of 
Mexico, about 6h 43m. The times of the preliminary tremors, as re- 
corded, are probably too late. It will be noticed that the movement at 
Cheltenham was comparatively strong. The peculiarity of the record 
there is that the waves of the principal part begin with a period of 
about a minute, and then change to about a quarter of a minute, which 
is the natural period of the pendulum. Superimposed on these were 
rapid waves of 3 to 4 seconds period. The Porto Rico record does 
not show the rapid waves, but the Washington record does. It is 
curious that the movement so well marked at Cheltenham was not 
recorded at all in Baltimore. The peculiarities of the Cheltenham and 
Washington records make it probable that they represent a local dis- 
turbance not related to the Mexican earthquake. 

53. May II. — Origin probably in theSulu Sea, north of Borneo, and 
time about I7h iim. 

55. May 12. — Origin in Carribean Sea. 

56, 57. May 12 and 15 — Mere swellings of record; only recorded 
at Honolulu. 

58. May 15. — Small earthquake near Porto Rico. 
60. May 18. Origin in neighborhood of the eastern Caroline 
Islands, and time about I3h 47m. 

62. June 2. — Origin near western Caroline Islands, and time about 
5h 40m. 

63. June 5. Origin possibly near New Zealand. 

65. June 9. Origin probably near Carolines, and time about i2h 31m. 

66. June 12. Origin northeast of Australia, and time about sh i5ra. 

67. June 14. Origin in neighborhood of New Guinea and the Caro- 
lines, and time about iih 39m. 

70. June 30. — Apparently in the same general region as the last. 

71. June 20. — This is probably a continuation of the last, with 
some special local disturbance at Cheltenham, where the amplitude is 
greatest, but it was not recorded in Baltimore, or Washington. The 
various times do not fit any origin. 
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ADAM PAULSEN (1833-1907).! 

Professor Adam Paulsen was born at Nyborg, isle of Fyen, Den- 
mark, on January 2, 1833. When twenty-six years old he entered upon 
his studies at the University of Copenhagen, and without hesitation 
chose as his principal pursuit that of natural philosophy. After gradua- 
tion from the university, he held for many years the position of a pro- 
fessor of natural philosophy at the Metropolitan School of Copenhagen. 

In 1882-83 he was the chief of the Danish International Arctic Ex- 
pedition, stationed at Godthaab (west-coast of Greenland). The pub- 
lished results of the expedition contain a treatment of all the meteoro- 
logical and magnetic observations made in Greenland until about 1890. 
His observations of the Northern Lights (aurora borealis) led him 
into the belief that the rays of the aurora borealis have the same char- 
acter as the cathode rays. 

After his return from Greenland, Professor Paulsen, at the death 
of Mr. Hofifmeyer, was appointed director of the Danish Meteorological 
Institute, which during the last twenty years underwent considerable 
extension such as the establishment, c. g., of a magnetic and a mareo- 
graphic division. 

He is the author of various publications on meteorology and mag- 
netism and had nearly completed a magnetic survey of Denmark, a coun- 
tiy in which the magnetic conditions are unusually much perturbed. The 
most pronounced local disturbances are those on the isle of Bornholni. 
corresponding in their efTects to those of a magnetic south-pole and 
forming the center of a highly magnetic perturbed area in part of the 
Baltic. 

In 1899-1900 an expedition was undertaken at pubHc cost, under 
his direction, to examine the aurora borealis on the north coast of Ice- 
land (Akureyri). One of the members of the expedition, Mr. la Cour, 
succeeded in obtaining a photographic spectrum of the aurora borealis, 
containing, besides the main -line (^"— 556.9ama), twenty-one other lines, or 
bands, with a wave-length of between X -470/*^ and 3I7ama. With ex- 
ception of the main-line, the other part of the spectrum belongs to the 
neti^ative pole spectrum of the azote. He has published recently a critictl 
inquiry of the recent theories of the aurora borealis with his personal 
opinion as to the origin of this phenomenon and its relation to terres- 
trial magnetism. 

1 As the Journal is passing through the press, we receive, with regret, the an- 
nouncement of Professor Paulsen's death on January 11, 1907.— Ed. 
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PRINCIPAL MAGNETIC DISTURBANCES RECORDED AT CHEL- 
TENHAM MAGNETIC OBSERVATORY, JULY i TO 
DECEMBER 31, 1906.* 

(Increasing ordinate corresponds to increasing west declination, in- 
creasing H and increasing Z.) 

16. Began about 21^ July 9, ended about I2i» July 13th. 





Maximum 


75 M. M. Time 


Minimum 


75 M. M. Time 


Range 


D 
H 
Z 


52/2 

67. 8 mm. 
88. 6 mm. 


h m 

July II, 14 35 

'• II, 14 14 

*' II, 16 37 


30/3 

-10. omm. 
-16. 4 mm. 


h m 

July II, 8 49 

" II, 17 14 

" II, II 27 


77. 8 mm. on 25 7 
los". omm. or 116 7 



17. Began 8*> 15™ July 29, ended about 2^ August i. 







h m 




h m 


D 


50/5 


July 30, 3 49 


30/6 


July 30, 8 47 


19/9 


H 


113. 6 mm. 


" 29, 18 03 


-31. 4 mm. 


" 31. 9 37 


145. mm. or 240 7 


Z 


66. 7 mm. 


" 30, 16 22 


20. 2 mm. 


" 29, 23 58 


46. 5 mm. or 517 



18. Began about 8*» August 7th, ended about o^ August loth. 





j 


h m 






h m 




D 


52/5 'Aug. 


7. 17 20 


4/9 


Aug. 


7, 20 49 


47/6 


H 


65. 5mm.i *' 


7, 15 33 


-40. 2 mm. 




9. II 31 


105. 7 mm. or 163 7 


Z 


86.0 mm.! " 

1 


7. 17 31 


18. 2 mm. 




8, 3 17 


67. 8 mm. or 717 



19. Began about 5*^ August 12, ended about 6*^ August 13th. 







h m 




h m 




D 


50/4 


Aug. 12, 12 06 


22.^2 


Aug. 12, 22 48 


28.^2 


H 


12. oram. 


" 12, 22 51 


-43. mm. 


" 12, 9 45 


55.0 mm. or 787 


Z 


78. mm. 


" 12, 17 58 


-23. mm 


" 13, I 11 


101. omm. or 1067 



20. Began about 23^ 40"^ September 2, ended about 4*> Sept. 5th. 





h m 




h m 




D 51^6 


Sept. 3, 13 08 


2/.5 


Sept. 3» 17 43 


24^1 


H 34.2 mm. 


" 3. 15 15 


-48 .0 mm. 


" 4, 12 29 


82 .2 mm. or 1207 


Z 108 .omm. 


" 3. 17 39 


29 .0 mm. 


" 3. 10 32 


79 .0 mm. or 807 



I Continuation of lists given in previous issues of this Journal. The Observa- 
tory is situated in latitude 38° 44' .0 N., and in longitude, sh 07.4 m W. of Greenwich- 
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21. Began about 7*> 30"" Sept 22, ended Ibout 4*> Sept. 23. 



D 
H 
Z 



Maximam. 



59'.8 

41 .0 mm. 
168 .6 mm. 



75 M. M. Time. 



h m 

Sept. 22, 18 08 

•* 22, 15 21 

" 22, 18 23 



Mioimam. 



6^o 
-95 .0 mm.* 
13 .1 mm. 



75 Bt. If. Time. 



h m 
Sept I2, 18 27 

" 12.1931 

" I2, 1204 



Range. 



53^8 

136 .0 mm. or 1877 
155 .5 mm. or 1487 



22. Began 20^ 38»n October 21, ended abOtit 7*> October 23. 







h m 




h m 




n 


48/7 


Oct 22, 14 19 


25/2 


Oct tl, 20 54 


23/5 

48. 5 mm. or 747 


H 


34. 8 mm. 


•* 22, 4 33 


-13. 7 mm. 


" 42. 14 58 


z 


69. 8 mm. 


" 22, 16 09 


60. 1 mm. 


" 12, II 09 


9. 7 mm. or 217 



23. Began about 12^ November 21, end«d about ^ November 22. 







h m 




h m 




D 


52/7 


Nov. 21, 16 17 


33/9 


Nov. 21, 20 19 


i8.'8 


H 


45. 2 mm. 


" 21, 23 57 


-M. omm. 
58. mm. 


" 21, 16 51 


58. 2 mm. or 91 y 


Z 


81. mm. 


** 21, 16 50 


" 22, 3 43 


23. mm. or 47 y 



24. Began at 23^ 47"* December 7th, ended about 8^ Dec. 9th. 







h m 






h m 




n 


56/5 


Dec. 8, 2 28 


30/7 


Dec. 


8. 19 21 


25/8 


H 


42. mm. 


" 8, 2 18 


-28. mm. 


(4 


8. 23 15 


70. mm. or 106 7 


z 


87. 2 mm. 


" 8. 18 03 


47. 3 mm. 


«( 


8. 3 59 


39. 9 mm. or 687 



25. Began at 11^ 40™ December i6th, ended about 2o'» Dec. 17th. 



D 
H 
Z 


48. 8 mm. 
108. 3 mm. 


h m 

Dec 16, 14 35 

•• 16, 13 16 

" 16, 18 58 


39/3 
-10. mm. 
78. 4 mm. 


h m 

Dec. 16, II 46 

" 16, iS 52 

" 16, II 55 


15/0 

58. 8 mm. or 927 

29. 9 mm. or 517 



26. Began at 16^ 29™ December 21, ended about 8^ December 23. 







h m 




h m 




D 


67/8 


Dec. 22, 7 44 


28.-5 


Dec. 21, 21 27 


39/3 


H 


56. 5 mm. 


" 21, 16 32 


-55. 2 mm. 


" 22, II 01 


III. 7 mm. or 1667 


Z 


121. omm. 


" 22. 16 39 


65. mm. 


" 22, 809 


56. mm. or 95 7 



U, S. Coast and Geodetic Survey, 
Washington, D. C. 



O. H. TiTTMANN, 

Superintendent . 



* Curve went off the paper. Measurement taken to the edge. 
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NOTES 



2. Change of address of Editor, Dr, L. A, Bauer has announced 
that he resigned his position with the United States Coast and Goedetic 
Survey as Inspector of Magnetic Work and Chief of Division of Ter- 
restrial Magnetism on Septcftiber i, 1906, in order that he might in 
future devote his entire time to directing the work of the Department 
of Research in Terrestrial Magnetism of the Carnegie Institution of 
Washington. 

All communications relating specifically to the magnetic survey and 
to the magnetic observatories of the United States, which work will 
be continued uninterruptedly along the same lines previously followed, 
should be addressed: To the Superintendent, U. S. Coast and Geodetic 
Survey, Washington, D. C, U. S. A. 

However, all correspondence and publications referring to the mag- 
netic zcork of the Carnegie Institution should be addressed Director, 
Department Terrestrial Magnetism, Washington, D. C, U. S. A. 

3. Personalia. Dr. C. Angenheister, formerly assistant in the 
Geophysical Institute at Gottingen, relieves Dr. Franz Linke, with the 
beginning of 1907, of the charge of the German geophysical observatory 
at Apia, Samoan Islands. Dr. Linke having successfully conducted the 
work of this Observatory for two years, returns to Germany to com- 
plete the reduction of his observations. 

Prof. Ciro Chistoni has been appointed director of the "Osserva- 
torio Meteorologico de la Universita di Napoli." 

Dr. E. van Everdingen has been appointed director in charge of 
the "Koninklijk Nederlandsch Meteorologisch Institut," De Bilt, Hol- 
land. 

Mr. Robert L. Paris has been appointed inspector of magnetic work 
and chief of the Division of Terrestrial Magnetism of the United States 
Coast and Geodetic Survey. 

Prof. E. Mascart retires from the directorship of the Central Bureau 
of Meteorology in Paris on January i, 1907, and will be succeeded by 
M, Angot. 

Prof. G. Neumaye/s eightieth birthday, June 21st last, was made 
specially memorable by the appearance of the 3d edition of his ad- 
mirable **Anleitung zu wissenschaftlichcn Beobachtungen auf Reisen," 
elsewhere announced. 

Prof. A. Schuster resigned the directorship of the Physical Labora- 
tories of the University of Manchester, his successor being Pro/. E. 
Rutherford^ of McGill University, Montreal. 
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ABSTRACTS AND REVIEWS 



THE MAGNETIC OBSERVATORY OF THE GERMAN ANTARCTIC 
EXPEDITION, 1901.1903, AT KERGUELEN ISLAND/ 

The establishment of a ma^etic observatory at Kerguclen Island in con- 
nection with the German South- Polar expedition of 1902-3 was intended to 
serve a double purpose. In the first place it was the base station for the 
main expedition and furnished an uninterrupted series of observations with 
which to compare those made under very unfavorable conditions at the winter 
station of the "Gauss." In the second place, it formed one of a chain of 
stations in the southern hemisphere at which the "International Program" 
of observations was carried out for the purpose of obtaining a better knowl- 
edge of the magnetic conditions in that part of the globe, about which little 
was known up to that time. This chain of stations comprised: first, the 
four Antarctic stations themselves, the German, near the coast of the newly- 
discovered Kaiser Wilhelm II Land, the English, on Victoria Land, the 
Scotch, on Laurie Island, and the Swedish, on Snow Hill Island ; second, the 
three stations between latitude 45° and 55°, the English at Lyttleton, New 
Zealand, the Argentine, at Staten Island, and the German at Kerguelen Island, 
and further north the permanent observatory at Melbourne. 

The Kerguelen station was very favorably situated to fulfill the require- 
ments of this double purpose. It was well removed from the other two 
stations in the same zone and was near enough to the working ground of 
the "Gauss," without bein^ influenced by the large magnetic disturbances 
characteristic of high magnetic latitudes. Moreover, the island had been 
visited several times before by scientific and exploring expeditions whose 
work included magnetic observations, and the work of 1902-3 therefore fur- 
nished additional data for the determination of the secular change of the 
magnetic elements in that part of the globe. 

In his second voyage around the world, in 1773, Captain Cook made 
several determinations of the magnetic declination in the ocean to the south 
of Kerguelen Island, and on his third voyage, in 1776, he anchored in Christ- 
mas Harbor (named for the day of his arrival) and determined the declina- 
tion on shore. From May to July, 1840, James Clark Ross with his two 
ships, the Erebus and Terror, stayed in the northwestern part of the island. 
He made the first determinations of the dip and intensity and erected a small 
observatory in which hourly readings of the three elements were kept up for 
a month, and on May 29th, an International Term Day, the readings were 
taken every five minutes. In 1874 the "Challenger" expedition visited the 

1 LuYKEN, Karl. Die erdmagnetischen Arbeiten auf der Kergiielen- Station. 
Vortrag gehalten auf dem xv Deutschen Geographentag zu Danzig iih Jahr, 1905. 
Repr. Verhandl, xv. D Geographentages zu Danzig, 1905, pp. 57-64, W. Pormetter, 
Berlin, 1905. 23^4 cm. 

. Erdmagnetische Ergebnisse der Kerguelen-Sution, 1901-1903. 

Deutsche Siidpolar-Expedition, 1 901 -1903 herausgegeben von Erich von Drvgalski. 
VI Bd. Erdmagnetismus 11 Band. Heft I : K. L,uvken, Das Variationshaus auf 
Kerguelen, seine Einrichtungcn und Instrumentc. Pp. 64, 5 pi. 35 cm. 
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island, and, in connection with the extension of the topographic survey be- 
gun by Ross, made magnetic observations at five places. The large differ- 
ences between the results at the different places are to be ascribed partly to 
the local disturbance due to iron-bearing rocks and partly to the difficulty 
of observing away from the shelter of the rocks, on account of the high 
winds and swampy ground. In the following year Kerguelen was the goal 
of several expeditions sent out to observe the Transit of Venus. The Ger- 
man expedition on the "Gazelle," under the leadership of Dr. Borgen, es- 
tablished a station at Betsy Cove, while the English, under Perry selected 
the south shore of Observatory Bay for their observations, and both parties 
made numerous magnetic observations. Those of the English are especially 
valuable in this connection, as the stations of 1874 and 1902-3 were very 
nearly identical. For purposes of comparison the results of observations by 
the various expeditions are given below in tabular form. The quantities 
in parentheses were not directly observed. 



Locality. 


Date. 


D 

(West.) 


I 
South.) 


Horizontal 
Intensity. 

H 

(C. G. S.) 


Total 

iNTKNSrrY. 

F 

(C. G. S.) 


BXPBDITlOir. 


ChrifttmAA HArhor. 


1776.9 
1840.5 
1874.0 
1874. 1 
1874.0 
18740 
1874.1 

1874.9 
1875.0 
1902.6 


/ 

27 58 
30 34 

33 33 

34 00 
33 34 

35 54 
33 26 
35 48 
3^ 58 


/ 






Cook. 


Christmas Harbor, 
Christmas Harbor, 
Ho'wc;s Foreland. . 


69 57 

70 50 
72 00 

71 m 
. . . 


(O.167) 


0.51 19 
0.509 


Rom. 
Challenger. 


Betsy Cove, . . . 
Accessible Bay, . . 
Hog Island, . . . 
Betsy Cove, . . 
Observatory Bay, . 
Observatory Bay, . 


(0.165) 


0.527 


« 


71 16 
71 56 


(0.1623) 

(0.1593) 
(0.1624) 


0.5054 
(0.5138) 


Borgen. 

Perry. 

Luyken. 



The work of fitting out the Kerguelen station began in Potsdam in Oc- 
tober, 1900, under the direction of Dr. Luyken. In addition to the purchase 
or construction of the necessary instruments, careful tests of their fitness 
for the work in hand and subsequent changes and improvements, the build- 
ings for the absolute and variation instruments were actually put together 
and the various parts carefully fitted. The result was that although the ex- 
pedition did not reach Gerguelen Island until November 9, 1901, and work 
on the observatories did not begin until a month later, it was possible to 
begin the regular variation observations on February 3, and the absolute 
observations two weeks later. 

After a reconnaissance of the surrounding country, the site of the Eng- 
lish Transit of Venus station of 1874-5 on the south shore of Observatory 
P.ay was selected as the best available for the magnetic observatory. On 
account of the recent volcanic character of the island, it was not to be ex- 
pected that a site entirely free from magnetic disturbance could be found. 
In the immediate vicinity of the so-called "Magnetberg." preliminary obser- 
vations showed local disturbance amounting to several degrees in declina- 
tion. The site selected for the absolute observatory was therefore as far as 
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possible from this hill. In locating the variation obser\'atory the prime 
•consideration was protection from the frequent severe storms which might 
produce sudden changes of temperature or directly disturb the instruments. 
An underground building was out of the question, on account of the shal- 
lowness of the soil and its marshy character. 

The variation observatory was essentially a house within a house. The 
outside house was 4.0 by 4.2 meters, with walls 12.5 cm thick. The spaces 
between the beams of the frame work were filled with tongue and groove 
boards one inch thick and blocks of cork made to fit snugly. The walls 
and roof were covered on the outside with linoleum and sailcloth, varnished 
to make it airtight, and on the inside with sailcloth. The inner house was 
separated from the outer by an air space 40 cm wide on three sides and 
110 cm wide in front. The 6 cm space between the one-inch boarding on 
the outside and sailcloth on the inside was filled with cork shavings. There 
was also a layer of sailcloth on the outside of the inner house. In order 
to guard the variometers against changes of temperature due to the presence 
01 the observer in the small room, they were covered by large boxes having 
asbestos sides. These boxes had the further advantage that they protected 
the variometers from an accidental disturbance, a thing that is hard to 
avoid in such a small dark room, and their tops furnished excellent tables 
for the use of the observer. 

For maintaining a constant temperature inside the observatory, a specially 
constructed non magnetic stove was set up in the end of the corridor, oppo- 
site the outside door. A coal fire was kept going without interruption for 
thirteen months, a very low fire being usually sufficient to maintain the nor- 
mal temperature of 19.5° centigrade. In order to control the temperature 
of the inner house a thermograph was mounted inside and provided with 
a suitable electrical device, by means of which a bell was rung in the sleep- 
ing room of the magnetic observer as soon as the temperature differed as 
much as a degree from the normal. Small electric lights furnished the neces- 
sary illumination for clock comparisons, thermometer readings, etc., and 
half of the year for the scale-value observations also. 

The instrument equipment of the station consisted of the following: 
P'or absolute observations, a combination instrument, made by L. Tesdorpf, 
adapted to the determination of the three magnetic elements either in the 
field or at an observatory, and an earth inductor, made by G. Schulze, with 
accompanying galvanometer; for the variation observatory, declination, hori- 
zontal intensity, and vertical intensity variometers made by O. Topfer and 
Son according to the designs of Eschenhagen, and two recording apparatuses, 
adjustable either to a two or twenty- four hour rate, besides the necessary 
chronometers, thermometers, etc. The two recording apparatus were 
niounted in opposite corners of the room, one recording the variations of 
declination and horizontal intensity, and the other the variations of vertical 
intensity and temperature, and also any disturbance of the small seismograph 
mounted near the vertical intensity variometer. This arrangement of the 
instrument was decided upon because it permitted the construction of an 
observatory nearly square instead of long and narrow, gave more space 
between the vertical intensity variometer and the others and avoided the 
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confusion likely to arise from having too many curves recorded on one 
sheet, especially at the time of a magnetic storm. 

The general construction of variometers of the Eschenhagen type has 
been explained in several publications, (see this journal, 1899, pages 263 and 
lol.), but in view of the numerous improvements and modifications em- 
bodied in the Kerguelen instruments, as the result of accumulated experience^ 
Dr. Luyken felt warranted in giving a complete description of those instru- 
ments. He also gives, in detail, the method of mounting, the manner in 
which the scale values were determined and an exhaustive discussion of the 
various corrections which must be taken into account in obtaining the cor- 
rect results, a valuable contribution to the theoretical study of this type of 
instrument. 

The behavior of the declination and horizontal intensity variometers 
was all that could be desired and the corresponding recordmg apparatus 
proved very satisfactory. The vertical force variometer was much less 
stable, however, frequent readjustments, with corresponding changes of 
scale value, being required. The running of the recording apparatus was- 
irregfular also, and the variation observations can be properly interpreted 
only with the aid of the numerous absolute observations of dip. 

The results of the observations at Kerguelen are to appear in another 
volume of the publications of the Expedition. 

Daniel L. Hazard. 

V, S. Coast and Geodetic Survey. 



UNKE, F.: MESSUNGEN DES lONENGEHALTES UND DEI^ 
RADIOAKTIVITAT DER LUFT AUF DEM GROSSEN OZEAN.* 

Dr. Linke, while en route from Germany to Samoa via America, in De- 
cember, 1904, made some observations of the number of ions, and the amount 
of radioactive emanation present in the atmosphere at sea. Other observa- 
tions were prevented by accidents to instruments in transportation. The- 
only opportunity presented for the observations was between Honolulu and 
Samoa. 

On five days, Gerdien's apparatus was used for determining the number 
of ions present in the atmosphere per cubic meter. On the average more 
positive than negative ions were found, the range being from 0.13 to 0.26 cgs 
per cu. m. for the positive, and from 0.09 to 0.30 for the negative ions. The 
smallest value was obtained with some spray flying over the vessel. 

Measurements of Elster and Geitel's "Aktivierungszahl," A, were made 
on four days, the method and apparatus of Elster and Geitel being used. 
Results ranging from maximum of 4.4 on the first day to a minimum of 
0.9 on the last, were obtained. These very low values would have been pre- 
dicted from the low values obtained by other observers on the sea coast 
and on islands. P. H. Dike. 

Department Terrestrial Magnetism, Washington, D. C 

iQottingen, Nachr. Ges Wiss., Mathem.-physik. Kl. 5, 1906(490-492). 
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CONCERNING PULSATIONS OF SHORT PERIOD IN THE 

STRENGTH OF THE EARTH'S MAGNETIC FIELD.* 

By H. Ebbrt. 

For a considerable length of time a general interest has been 
aroused by the striking, regular oscillations of short period in the 
Earth's magnetic force which, at times of magnetic disturbances as 
well as at times of perfect magnetic calm, appear in the form of 
short waves, ("terrestrial magnetic waves"), in the magnetograph 
curves. 

Lamont observed such pulsations,* a fact which is to be noted 
because at that time there as yet existed no strong artificial electric 
currents of any sort whatever, and hence the oscillations^ men- 
tioned must certainly have been caused by the Earth's field. 

Balfour Stewart' also very early made the observation that in 
certain disturbances, along with the great waves, small waves of 
lesser amplitude occur, which have a period of about 30 seconds. 

A well known example is that noted by Friedrich Kohlrausch 
on the 20th of November, 1882,* in which, by means of two-second 
readings of the deflection intensity variometer constructed by him 
(period of the needle 1.7 sec, damping ratio 2.0) such oscillations 
were found of about 12 sec. period and an amplitude of 4 y. (i y. 
= o.ooooi C. G. S. unit). With the ordinary registration with slow- 

1 Prom the '' Sitzungsberichten d. Kgl. bayerischen Akad. d. Wiss., Munchen, 
1906, with numerous additions and revisions by the author ; the translation is by 
P. H. Dike. 

2 The author through the kindness of Dr. Messerschmitt, of the Magnetic Obser- 
vatory of Munich, was allowed to examine the for the greater part unpublished ob- 
servations of Lamont, from which this indubitably follows. 

' Balfour Stewart, Phil. Trans. 425, 1861. 

* Fr. Kohlrausch, Wied. Ann. M, 336, 1897. 
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moving cylinder such quick oscillations of the Earth's magnetic 
force must be lost; they can at best appear only as a broadening 
and diffusion of th* curve. 

It was thereford a notable service of Eschenhagen, that he in- 
troduced for the study of just such small variations of the Earth's 
magnetism the so-<^led "Feinregistrierung'** in which by means 
of a more rapid rate of the cylinder (imm equals 15 sec. instead of 
as otherwise customary 180 sec.) is made possible a far more de* 
tailed analysis of the course of the phenomena. At the same time 
he increased the sensitiveness of the variation instrument. His 
unifilar magnetometer in which a small magnetized steel mirror is 
turned by means of ti twisted quartz fiber on which it is suspended 
nearly perpendicular to the magnetic meridian gave, with a period 
of oscillation of 8.5 sec. and a damping ratio of about 4, a sensi- 
tiveness of I mm to 0.3 y. In the specimen curve accompanying 
the article above referred to, one can count 199 pulsations which 
have a period of 32.2 sec. for one complete oscillation, with a mean 
amplitude of 1.4 y. Eschenhagen believed that he had discovered 
in these waves of constant period "certainly the most simple ele- 
mentary movement of the Earth's magnetism** since (with his in- 
strument) no further details were to be found through more extended 
analysis. Upon the ground of abundant material in the form of 
sixty such rapid rate curves he came to the following conclusion :* 
all the collected evidence goes to show that one arrives, by the use 
of such a rapid rate with a well damped magnet needle of high 
sensitiveness relative to the changes of intensity, at the last 
analysis of the smallest variations of the Earth's magnetism — at a 
representation of the **elementary waves" — so that a further refine- 
ment of this method promises no further results." 

It is worthy of notice that these short-period waves appeared 
mostly during the day between 6 o'clock in the morning and 6 
o'clock in the evening, thus at a time in which the Sun was above 
the horizon of the place of observation at that time of the year, 
but very seldom at night, while in the night hours longer waves 
appeared, perceptible even with the usual rate of registration.^ 
Most interesting of all are the "wave groups" discovered by 
Eschenhagen which present an analogy to the beats sound; a 
wave motion of 34 seconds period interferes with another of 43 

> M. Eschenhagen, Sitztingsb. d. Berliner Akad. W. XXXIX 965, 1896. 
• M. Eschenhagen, SiUungsb. d. Berliner Akad. W. XXXII 678, 1897. 
7 See also Th. Arbndt, Das Wetter, Nos, 11 and 12, 1896. 
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seconds period and produces the characteristic beat curve corre- 
sponding to the vibration ratio of 5 to 4 ; the resulting amplitude 
of the two interfering waves amounts to about 0.6 y. 

Such terrestrial magnetic waves can have a broad region of 
propagation. In 1895 ^^ ^^ occasion of simultaneous observations 
waves of 40 to 50 seconds duration were noticed which (within the 
limits, of error of observation of i to 2 seconds) appeared simulta- 
neously at Potsdam and at Wilhelmshaven. Other pertinent mate- 
rial was collected by Kr. Birkeland on the occasion of the Norwe- 
gian Expedition for the study of the polar light in 1899- 1900.® A 
remarkable agreement was noticeable between the simultaneou3 
rapid registrations at Haldde, Bossekop in northern Norway and in 
Potsdam ; thus, in two stations which are about 2000 km. apart an 
indication is given that this sort of pulsations can flash through 
enormous regions of the field of the Earth's magnetic force with 
the same rhythm. Birkeland has also stated the frequency of the 
appearance of such pulsations as a function of their period. It is 
shown that there is a preponderance of the appearance for certain 
periods, which according to the material collected at that time 
occurs at about 32 and 8 seconds. Here we already have vibrations 
of substantially shorter period than Eschenhagen's elementary 
waves. 

W. van Bemmelen,' with whom originated the designation for 
the forms of disturbance here under discussion, has also carefully 
investigated these ** magnetic pulsations." He compared the sim- 
ultaneous registrations of the pulsations at three different places, 
Batavia, Karang-Sago, in the Dutch East Indies, and at Zi-ka-wei, 
China; he found differences, especially in the times of beginning of 
corresponding trains of such pulsations, as well as in their ampli- 
tudes. Above all he established that the vertical component is 
always much less strongly influenced by these pulsations than the 
horizontal component. Besides sources of disturbing vertical elec- 
tric currents, van Bemmelin is inclined to suppose in addition a 
system of circular electric currents which encircle the Earth parallel 
to the iso-chasms (lines of equal auroral frequency). Pulsations in 
their intensity would produce magnetic pulsations in the compo- 
nents directed substantially tangentially to the Earth's surface. 

^ Kr. Birkeland, Videnskabsselsk. Skrifter Akad. Christiania, i Math.— naturw. 
Kl. No. I, 1901, p. 3, ei. seq. 

" W. VAN Bemmelbn, Sitzungsb. Akad. Wet. Amsterdam, 1899, 202-211. Arch. 
Norland, d. Sciences exactes et. nat. (2)6, 1901 und Natuurk. Tijdschrift voor Ne- 
derlandsch- Indie 62, 71-88, 1902. 
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Eschenhagen*s rapid rate registration has been carried on 
further at the Potsdam Observatory and the sensitiveness has suc- 
cessfully been made greater than before.*" 

Finally, J. B. Messerschmitt" pointed out '^pulsations" in the 
curves of the Munich Observatory. 

However, the analyzing power of the arrangements of magnet- 
ometers in all of the above mentioned highly valuable investigations 
is limited to pulsations having a period of several seconds. 

The questions therefore presented themselves: Do not pulsa- 
tions of still shorter period perhaps occur in the Earth's magnetic 
elements? Are the small waves recorded in the rapid registration 
really the last constituents of the large variations of the Earth's 
field? Can one in the way described really analyze the magnetic 
phenomena into their last elements? A simple consideration 
shows that this must always be impossible, since we are not able to 
decrease the time of osciliation of magnetometric apparatus below 
a certain limit without a loss of sensitiveness ; the magnet systems 
are much too heavy to follow variations of fractions of a second in 
period, without reducing the representation of the course of these 
variations beyond recognition; a quite diflferent principle must here 
be brought into play. 

Eschenhagen himself in 1886, referring to a proposition made 
by Werner Siemens in the year 1882, called attention to the in- 
ductive eflFect in an extended conducting circuit produced by vari- 
ations in the number of lines of force passing through it." Siemens 
had furnished the German Polar Expedition" of 1882-83 with a 
light gutta-percha insulated single strand cable 12 km. long, which 
was laid out on the ice of Kingua-Fjord, the German observing 
station, so as to enclose an area of about 8 sq. km. Its ends were 
connected to a reflecting astatic galvanometer constructed by 
Siemens and Halske, and the deflections produced by the induced 

10 Compare the contribution of A. Nippoldt to the Kasselar Naturforscher-ver- 
sammlung (Meteor. Zs. 1904, 395-399) as well as the papers of Th. Arendt, Das 
Wetter 241-253 and 265-280, 1896, and Natur. Wiss. Rdsch. 18, 105-107, 117-118, 1903. 
Here is discussed especially also the relation of the phenomena with atmospheric 
electricity. 

" J. B. Messerschmitt, Sitz. Ber. d. Miinchner Akad. 35, 135-168, 1905. 

w M. Eschenhagen. Sitzungsb. Berliner Akad. No. XXXII, 1897, p. 685 and 
Verb. Phys. Ges. I. Jahrg. No. 9, p. 151, 1899. 

I' Die Internationale Polarforschung 1882-1883. Die Beobacbtungs-Ergebnisse 
der Deutschen Stationen, Band I, Kingua-Fjord, etc. DieErdstrom-Beobachtungen, 
bearbeitet von W. Giese, p. 411, Berlin, 1886; See also M. Eschenhagen /. c. p. 597. 
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currents were compared with the variations of vertical intensity as 
shown by a Lloyd balance. It was shown that the currents ob- 
served in the cable followed throughout the change of the vertical 
component, so that there could be no doubt that the inductive 
action of the field variations in the closed circuit oflFered a method 
of studying these variations. In fact the sensitivness of the cable 
apparatus for the smallest observed variations of the vertical in- 
tensity proved in these researches to be about a hundred times as 
great as that of the Lloyd balance, — up to that time the only in- 
strument that had shown itself permanently useful for the registra- 
tion of the vertical component. W. Giese who, as above indicated, 
worked out these observations of the German station, called atten- 
tion to the fact that the cable was never free from electromagnetic 
impulses, and that the whole arrangement was too sensitive for 
those high latitudes. Kschenhagen therefore proposed to use, in- 
stead of great and very extended plane loops, less extended coils 
of wire, which would oflfer the advantage that one could investigate 
according to their orientation any desired component of the Earth's 
field or its total intensity. Whether it would be desirable to pro- 
duce a condensation of the lines of force by filling the coil with 
soft iron could be decided by special experiments. Eschenhagen 
did not himself return to this. 

In Kiel, during 1897-98, 1 had used with great success flat iron- 
filled coils of great total area of windings, connected with a sensi- 
tive Du Bois-Rubens galvanometer and mounted in a Julius sus- 
pension (this is the experiment to which Eschenhagen refers, Ver- 
handl. der Phys. Ges. I Jahrg. No. 9, bottom of p. 151, 1899). At 
times when the street car service had stopped there still remained 
weak current impulses of extraordinary variability which appar- 
ently depended on the variations of the various components of the 
Earth's magnetic field. It was proved that the iron core worked 
unfavorably for the study of the rapidly completed variations; 
since, though the field intensity is increased within the coil, the 
iron itself has too much inertia to follow the slight, rapid magnetic 
changes and damps them out, even when one uses short wires of 
the softest iron lying in the direction of the lines of force. . Since 
the induction is proportional to the rate of change of the compo- 
nent with which we have to deal, the soft iron core was soon aband- 
oned and extended loops of wire again used. 

Meanwhile at Kiel at the suggestion of Professor Leonh. Weber, 
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experiments have been carried on by Mr. Andreesen" in which a 
cable was laid 96 times around the magnetic observatory so that a 
total area of 7200 sq. m. was enclosed. The ends of the cable were 
connected to a moving coil galvanometer of the Dfeprez-d'Arsonval 
type made by Siemens and Halske having a period of 2.5 to 3 min- 
utes. The registration curves obtained, aside from very irregular 
peaks, occasionally showed at night smaller serrations of shorter 
period which Andreesen is inclined to ascribe to stray currents, 
just as the large peaks are shown to have an unmistakable re- 
lation to the operation of electric car lines. Only once, on a 
night in September, 1904, were seen quite fine, regular wave series 
of about 30 sec. period, which thus correspond to the waves discov- 
ered by Eschenhagen. 

2. Had the previous investigations shown that the induction 
principle is really fitted to furnish a vertical intensity variometer 
of high sensitivness, the attempt to penetrate further in this way 
into the details of the course of the more rapid magnetic pulsations 
would up to this time have appeared hopeless. Instead of the sus- 
pended system of the magnetometer, now appears that of the gal- 
vanometer; since one cannot reduce the period of oscillation and 
the moment of inertia of the galvanometer system below a certain 
limit, the galvanometer is quite as incapable of following the 
shorter waves as the registering apparatus giving the variation of 
the Earth's magnetic force directly. Besides that, in galvanometers 
with suspended magnets and fixed coils, there is the further con- 
sideration that the orientation of their movable parts depends itself 
upon the variations of the Earth's magnetic field. In suspended 
coil galvanometers this objection disappears, but there remains the 
disadvantage, that being shortcircuited through the cable, they are 
very strongly damped and are therefore very sluggish, unless the 
sensitiveness is greatly reduced by introducing a large resistance 
in the circuit. 

A considerable advance can now be made in this direction by 
the use of the "Saiten" galvanometer first devised by Ader and 
then so much improved and perfected by Einthoven and later by 
Edelmann, Jr." In this a very thin silvered quartz fiber or a fine 

" H. Andreesen. Inaug. Diss. Kiel, 1905, p. 32, ^/ j^^. 

^ Sec reference to A der's apparatus: Leaute, Compt. Rend. 124, 1440, 1897, or 
La Nature, 2, 115, 1897, L'Bclairage ilectrique, 1897, 295, Electrotechn. Zs. 1897, 561. 
W. Einthoven, Ann. der Phys. (4) 12, 1059, 1903; 14, 182, 1904; W. ao, 1905. 
M. Edelmann, Jr., Phys. Zs., 7, No. 4, 115, 1906. 
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metal wire is stretched out in the constant field of a strong auxili- 
ary magnet, perpendicular to its lines of force along the knife like 
edges of the pole pieces ; if a current passes through the fiber, the 
"Saite," this will be deflected perpendicularly to the lines of force 
with a force proportional to the strength of the current, to the 
strength of the magnetic field and to the length of the fiber; the 
deflection is followed with a microscope or by a suitable optical ar- 
rangement reproduced on a moving sensitized film. Here one has 
a system of nearly negligible mass, which is capable of following 
almo5t momentarily the quickest changes in the current strength, — 
an arrangement which with the advantage of complete independ- 
ence of external magnetic disturbances combines that of the highest 
sensitiveness to currents. 

With such a galvanometer, in the summer of 1905, I again took 
up my long interrupted investigation of the action of rapid mag- 
netic pulsations on large closed circuits, in which Dr. Max Edel- 
mann, Jr., of Munich, rendered me most able assistance, for which 
I wish to express to him on this occasion my warmest thanks. 

In order not to be limited in the choice of a place of observation 
by the necessity of a source of electric current, in addition to gal- 
vanometers with electro-magnets, galvanometers having powerful 
permanent magnets and corresponding to the original construction 
by Ader were also used. It is true that in this way some sensi- 
tiveness was lost, but still the Edelmann Institute succeeded in 
constructing a very convenient galvanometer.^* 

The galvanometer used in the research contained platinum or 
gold fibers of 43 to 120 ohms resistance. The microscopic magni- 
fication was usually 50; currents of 10"^ amperes were, however, 
conveniently and accurately measured. In order to have a time 
mark on the photographic record, we arranged the pendulum of a 
metronome or the pointer of a Jacque chronograph to swing before 
the slit of the registering drum, so that once for each full swing it 
moved from the side part-way across the slit and made small serra- 
tions on the edge of the record strip from which the time deter- 
minations could be carried out with great exactness. 

The portion of the closed circuit lying in the open outside the 
building consisted of a cable furnished by the firm Pelten and 
Guillaume made up of 15 copper strands, insulated from each other, 
each one of 0.8 mm. diameter, that is 0.5 sq. mm. cross section and 

i< For the description of the method of reading, as well as of the photographic 
recording apparatus see the above referred to work of M. Edelmann. 
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0.03463 ohms resistance per strand per running meter. The cable 
was 210 meters long; its 15 strands were connected in aeries, so 
that the total length of wire was 3150 meters, and on laying it out 
to enclose a circular area the total surface enclosed was 52640 sq. 
m. and the total resistance was 109 ohms. If such a cable is laid 
in the open, disturbances caused by "cable currents" can exist; 
these are superimposed upon the induction currents sought for 
without being influenced by them, but cause a continual deflection 
of the galvanometer fiber out of the zero position and eventually 
also out of the field of vision. This undesirable feature was over- 
come when it occurred by placing in shunt with the cable a dry 
cell with variable resistance in series, thus introducing a constant 
electromotive force so as to compensate the disturbing electromotive 
force. 

In later experiments (winter 1906-07) we have connected the 
two ends of the cable inside a water tight closed metallic box in 
the open to a lead covered cable of two strands, the other end of 
which was brought into the house. As long as the cable was well 
insulated' the disturbances did not appear and the compensation 
was unnecessary. However, it is to be recommended that a shunt 
be arranged so that the sensitiveness of the galvanometer can be 
suitably regulated. 

When not in use, the cable was always shortcircuited and con- 
nected with the earth so that possible static charges would at once 
be neutralized. One can also, during the measurements themselves, 
earth one end of the measuring fiber as well as the whole frame 
work of the apparatus with the magnetic system, though this did 
not appear to be absolutely necessary. 

The cable must be laid quite flat and firmly on the ground, for 
if any part of it — even a relatively short one, owing to the great 
sensitiveness of the apparatus — moves, possibly set swinging as a 
pendulum by the wind, it cuts lines of force of the Earth's field 
and produces induction currents which will follow exactly the 
rhythm of the motion." Besides this the cable was to be protected 
as far as possible from direct electrostatic influences, such as that 

17 upon this may be based a noteworthy use of the whole apparatus. Since the 
Earth's lines of force are everywhere at one's disposition in sufficient numbers, one 
needs only to connect a part of a conducting circuit cutting lines of force with the 
moving part of a system such as a water gauge, or a flood meter whose motion it is 
desired to record at a distance, the circuit being connected by double conductor to 
such a highly sensitive "Saitengalvanometer." On many occasions we convinced 
ourselves how truly the inducing motion is imitated by the course of the current 
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of the atmospheric electric field ; in winter, therefore, it was laid 
under the snow. If our cable had had a lead covering we would 
have buried it in the earth, by which means the sources of disturb- 
ance mentioned would most surely have been eliminated. In the 
continuation of the investigation this spring, we intend indeed to 
use a lead-covered telephone cable of many strands (naturally not 
bound with iron) which, at a distance from the greater centers of 
traffic and industry, will be laid so that it surrounds a definite area. 
To the researches up to the present time we would attach only the 
significance of preliminary experiments which were intended pri- 
marily to prove the practicability of the new apparatus. 

3. The first researches were carried out on a piece of ground 
lying in the Nymphenburger suburb of Munich and belonging to 
Dr. M. Th. Edelmann, Sr. Here during the day and evening we 
had abundant opportunity to study disturbances which were caused 
by street car traffic, passing wagons and the electric street lighting. 
These consisted throughout of suddenly appearing impulses of very 
irregular and varied form, which quickly disappear. 

Together with these, however, there always appeared quite long 
series of regular waves of a period of a few tenths of a second. 
These persisted also during the night at the time between i and 5 
o'clock when the street car traffic in the whole city was stopped, 
and also in the morning from 4 to 5 o'clock when in summer the 
lights were not in use. Naturally we at once thought of distant 
electric sources which were kept in operation through the entire 
night. According to information collected, the nearest, 1130 m. 
distant, was a substation of the city electric plant. 

The large, 12 pole direct current dynamos which supplied the 
lighting system make 165 revolutions per minute ; the time of one 
revolution then is 0.363 sec. The time elapsed during the passage 
of one element of winding from its position before one field magnet 
to that before the next is one-twelfth of this or 0.030 sec. Neither 
period is found in the curves. 

The three phase alternating current used for driving these 
dynamos has the usual 100 periods per second ; pulsations of rb 
second duration could be expected from this source, but they were 
not to be discovered. 

If for the projection of the image of the fiber on the sensitive 
sheet one uses an arc light, there is special danger of a disturbance. 
The flaming arc, under certain circumstances when its circuit con- 
tains suitable self induction or capacity, is apt to set up oscillations 
2 
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and to radiate them. It causes so-called "wave currents," that is, 
alternating currents superimposed upon the direct current feeding 
the lamp, such as are used at present, as is well known, directly in 
*'wave telegraphy." In order to be free from this sort of disturb- 
ance also, we later used in registration only the very intense light 
from a disk of Zircon earth brought to incandescence in the oxy- 
hydrogen flame. 

Even from these first investigations it can be presumed that 
certain of these waves belonged to the Earth's magnetism itself. 

However, a not unjustified lack of confidence must be felt in 
this sort of observations made in the neighborhood of a great cen- 
ter of traflfic. We therefore changed the place of observation to a 
piece of woodland belonging to Professor M. Th. Edelmann, which 
lay far outside the city — 25 km. south of Munich between Icking 
and Wolfratshausen — in the colony of villas "Schlederlohe." Below 
this, it is true, the "Isar-tal" railway passed in a deep cut, and the 
trains in passing make themselves felt each time in quite character- 
istic current impulses in the circuit ; but since these moments of 
disturbance by the passing masses of iron are exactly determinable, 
and since besides they do not occur too often, they can easily be 
eliminated from the observationst The nearest electric plant, the 
"Drehstromwerk" in Weidach, is 2.2 km. distant; no period of 
vibration corresponding to their machines could be established. 

However, there appeared here a disturbance which could not at 
first have been expected. Pulsations appeared in the registrations 
which at times repeated themselves with such great regularity and 
with such strongly marked characteristics, that their source could 
not possibly be a natural one ; but the suspicion was not far to seek 
that by means of the cable circuit Morse signals were caught. This 
was proved by direct experiment. The occurrence was in so far 
surprising, as the telegraph line causing it passed about the center 
of our cable circuit in a semicircle of about 300m radius, and is 
worked with a current of only 13 miliamperes. But, remembering 
that our instrument reacts according to the rate of change of cur- 
rent strength, this high sensitivness seemed plausible. Presumably 
it would be possible with such a cable simply stretched out on the 
ground, fitted with a fiber galvanometer, to catch dispatches from 
even greater distances. 

Besides all these disturbances there appeared by day as well as 
by night short period pulsations, both in the summer and winter 
observations. The meteorological elements appear to have no 
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direct influence, at least we could discover no noticeable difference 
in wind or in calm, in sunshine or with clouded sky, in rain or in 
weather free from precipitation, in high or in low temperature; 
even an approaching thunderstorm did not change the general ap- 
pearance especially. Only in the neighborhood of descending 
lightning flashes Dr. Edelmann observed distinct jerks of the gal- 
vanometer fiber, which agrees with the experience of Th. Arendt.*' 
Clearly, the cause of the "magnetic pulsations" includes in general 
wide regions, so that the local character of the weather in a fixed 
place is irrelevant. 

The sensitiveness of our apparatus is reckoned as follows: At 
Schlederlohe we had laid the cable about an almost rectangular 
area of from 53.2 to 54.0 m. length and from 33.1 to 37.8 m. width, 
so of about 1900 sq. mm. or 1.9 x 10^ sq. cm. area; the remaining 
32 m. were laid close together as conductors to and from the gal- 
vanometer set up in the villa of the piece of ground. Later the 
whole cable length was made use of and it was stretched out in the 
woods in a square 52.5 m. on a side, thus enclosing an area of 2756 
sq. m., that is 1.45 times as great a surface as before. Connection 
was made to the galvanometer standing in the villa by means of 
the previously described special cable. Since the 15 strands were 
connected in series the total area of windings amounted to 28.500 
sq. m. or 2.8 x 10* sq. cm. in the first experiments, later 4.1 x 10' sq. 
cm. With a vertical intensity of 0.41 C. G. S. unit, which is the 
mean at the place of observation, a change of ly in this component, 
that is, of the 41000th part of its mean value, in a second would 
correspond to an electromotive force of 2.8 x io"5 volt or 4.1 x io"5 
in the second case. The resistance of the total circuit amounted 
to 229 down to 160 ohms. This inductive impulse produced a deflec- 
tion of more than a scale division, which can be exactly measured 
with the microscope. A tenth of the given field variation could be 
clearly seen. Since the fiber follows very brief current impulses 
with complete accuracy the sensitiveness increases as the rate of 
change of field strength increases. Herein lies an important 
advance over the older methods which fail far above the given limit 
of sensitiveness. 

Besides this it is certainly of special importance to possess so 
highly sensitive a variometer for the vertical intensity in particular. 

" Th. Arendt, Das Wetter 241-253 and 265-280, 1896, and Natur. Wiss. Rdsch. 18. 
105-107, 1 17-1 18, 1903. Here is discussed especially also the relation of the phenom- 
ena with atmospheric electricity. 
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The former researches suflFer from the suspicion that in the almost 
always predominant disturbances of the horizontal component 
more or less local influences come into play, perhaps due to 
electric currents — vertically or horizontally spread out earth cur- 
rents — while it may be assumed that the vertical component is less 
disturbed because the local influences can produce only a smaller 
effect, and hence that the general regional disturbances are here 
more clearly and purely represented. 

4. Naturally the periods af the waves found in these observa- 
tions are of special interest. Aside from pulsations of a duration 
such as had before been observed, thus of a period of several sec- 
onds, we could also establish the existence of very much shorter 
magnetic waves, the period of which amounted to only 0.025 sec. 
It is thus shown that one does not, as was supposed, even with the 
"rapid registration,'* approach the last elements of the terrestrial 
magnetic disturbances, (see above p. 2) but that these on further 
analysis are capable of presenting an abundance of smaller details. 

In view of such rapid pulsations it might be supposed that they 
are possibly the result of an electromagnetic oscillation in the closed 
circuit itself. The cable it is true has a certain self induction and 
a not unimportant capacity (the corresponding quantities for the 
galvanometer are negligible in comparison). 

If one considers the cable as a flat coil of 15 single turns its self 
induction can easily be computed ; it is true that even then the 
period of oscillation of such a coil can not be computed from the 
usual formula for the period of a circuit consisting of a self induc- 
tion and a capacity, if the capacity is determined, because here the 
two quantities are not in series. However, it can easily be seen 
that the oscillation period of the cable is far shorter than the 
shortest of the current peaks that can be distinguished on the 
record with the velocity of the registering strip used (up to 24 
mm. per sec). 

It can hardly be expected to record all these single vibrations 
continuously ; for that purpose extraordinary lengths of the record- 
ing paper would be necessary. But what has gone before, even if 
the evidence is insufficient, seems to indicate that the periods of 
the waves observed are not distributed at random, but that certain 
periods recur more frequently. 

The question suggests itself : May we not predict certain periods 
in these pulsations of the Earth's magnetism and search for them? 

Vox exciting electric waves of small wave length, spheres which 
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are gotten out of electrical equilibrium by means of a spark dis- 
charge are often used, e. g., in Righi's demonstration of Hertz's 
experiment, for setting up electrical oscillations, and thus giving 
rise to electromagnetic waves. The length of these waves is of 
the order of magnitude of the circumferences of the spheres. The 
theory of such ''spherical oscillators" was first rigidly investigated 
by J. J. Thomson." Recently the Thomson theory was extended 
by A. Lampa for the case where the medium surrounding the sphere 
has a dielectric constant diflFerent trom unity .'^^ 

They agree in finding that the period of the oscillations of a 

sphere surrounded by air is : T^= %t— , 

where a is the radius of the sphere in cm. and V the velocity of 
light, ( V=^ 3.10 " cm. /sec). 

The Earth presents a sphere freely floating in space, surrounded 
by air on all sides, with a surface of good conducting material. If 
one supposes its electric equilibrium to be disturbed by any process 
within or without the Earth, it can return to a condition of equi- 
librium only through a series of oscillations. The period of these 
oscillations, computed according to the above formula is 0.15, or 
I / 6 to 1/7 sec. 

The wave length of this oscillation in air is equal to 46130 km., 
i. e. equal to 1.155 times the circumference of the Earth, and hence 
not to be confused with the wave lengths used in wireless tele- 
graphy. It would be premature to state that a short oscillation of 
just this period appears especially often in the observations; in or- 
der to make this certain the observations must be extended over a 
much greater interval of time, and verified in other places, under 
other conditions and with different apparatus. Should by such 
means this supposition be verified, another way would at once be 
pointed out, by which presumably a substantially new glimpse into 
the character of terrestrial magnetic disturbances would be afforded. 
It is not impossible to construct a circuit of a period of oscillation 
of 0.15 sec. By inserting suitable condensers one would be able to 
exactly regulate a period of the given order of magnitude. The 
fiber galvanometer would be inserted in the circuit exactly diamet- 
rically opposite to this additional capacity, so that between each end 
of the fiber and the nearest condenser plate the same length of 
conductor is included. 

i» J. J. Thomson, Recent Researches in Electricity and Magnetism, Oxford, 1893, 
p. 360 r/ seq. 

» A. Lampa, Wiener Sitzungsb. Ill, Abt. II, p. 37, 1903. 
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At the condenser there would be an anti-node of tension, the 
galvanometer would be at the node of the tension and the anti-node 
of the current. Presumably one could measure the amplitude of 
the oscillation by means of both tension and current. Such a con- 
ductor equipped with the suitable self induction and capacity would 
then present a resonator tuned to the primary electromagnetic 
vibrations of the Earth as a whole. This would probably "sound" 
as often as those regional magnetic disturbances occur, to whose 
presence former observations have already pointed, (see above p. 3). 
Then in the place where the condenser is inserted, large variations 
in tension are set up; as is well known, the amplitude rapidly 
increases as the period of oscillation of the resonator is approached 
by the oscillations to which the resonator responds." It is then no 
longer necessary to record the single oscillations themselves but the 
increase and decrease of the excitation of the resonator. 

This sort of research would commend itself especially in higher 
latitudes in which the "magnetic unrest*! is always very great, (see 
above p. 5). Here one needs only a relatively unsensitive galvan- 
ometer of the fiber type, or apparently the variations in tension 
appearing in the capacity could be directly measured with an elec- 
trometer. Above all it would be extremely valuable if Siemen's 
experiment described on page 5 should be repeated in the fax nortb 
of North America near the North Magnetic Pole with a great loop 
of cable, the period of oscillation of which could be regulated iti a 
definite way. 

*i See for example the measurements carried out by V. Bjbrknbs, on a tifiiple 
square wire-resonator, Ann, d. Phys. (3) 44, 74, 1891. 

Munich, March 26, igoj, * 
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CONTRIBUTION TO THE STUDY OF THE EFFECTvS PRO- 
DUCED ON THE MAGNETIC DECLINATION BY THE 
TOTAL SOLAR ECLIPSE OF AUGUST 30, 1905.* 

By CHARI.BS NORDMANN. 

Besides experiments relative to atmospheric electricity of which 
brief accounts have already been given elsewhere,^ I obtained at 
Philippeville, Algiers, between August 14 and September 20, 
1905, continuous registrations of variations of the magnetic 
declination and of the horizontal intensity with the purpose of dis- 
covering a possible influence of the eclipse on the usual course of 
the diurnal variation of these elements. The instruments were 
installed under excellent conditions inside a casemate where the 
temperature and the hygrometric conditions were extremely con- 
stant, (the daily variation of the temperature there being less than 
o.°i C.) The description of the apparatus,' as well as the details 
of the results relative to the absolute values of the magnetic ele- 
ments at the place of observation and to their normal diurnal vari- 
ation, will be presented in a memoir of the "Annales du Bureau des 
Longitudes " now in preparation. I will confine myself at present 
to giving some brief observations as to the results obtained on the 
day of the eclipse. 

The figure below represents, following the original curves, the 
course of the declination and the horizontal component at the 
hours near and during the eclipse. In this article I will examine 
more particularly the data having reference to the declination, as 
far as concerns the horizontal intensity component, I will only point 
out that, unlike the declination, I have been unable to deduce any- 
thing clearly by a comparison with the curves of other stations. 
This will not astonish one when it is noted that this element was 
subject to great variations of amplitude almost equal to its daily 
elongation at the moment of the eclipse, and further that these vari- 
ations are entirely foreign to the eclipse as proved by the synchro- 
nism of several details in the curves of the various stations. 

The result obtained for the declination seemed on the contrary 
not to be negative. 

J Communicated in French by the author and translated by P. H. Dike. 

* •' Revue g^^rale des Sciences" May 30, 1906; and divers notes to "Comptes 
Rendus del 'Academic des Sciences." 

3 We will but note that the photog^raphic paper traveled at a rate of 20mm. per 
hour and that for the declination imm. of ordinate corresponded to o.'36. 
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At first it seemed that the disturbance of this element, which 
began on August 29th, would leave little hope of demonstrating 
any influence due to the eclipse. I propose to show in the course 
of this article that I have nevertheless succeeded, thanks to an ap- 
propriate and very simple method, in bringing to light, in a manner 
which I dare hope will appear convincing, a very clear effect upon 
the declination attributable to the astronomic phenomenon. 

I. A first method of discussion consisting in comparing the 
curve of August 30th with those of the days near to that of the 
eclipse presents itself. (The dotted line of Fig. i represents the 
normal course of the declination curve for the hours considered, 
deduced from the mean of the calmest days.) Now, considered 
from this point of view, the curve of August 30th presents the 
following characteristics : ist. The elongation of the needle to the 
west of the position of equilibrium during the whole course of the 
eclipse is notably less than its corresponding mean elongation. 2d. 
None of the other curves recorded at Philippeville between Au- 
gust 14th and September 20th presented this characteristic in so 
accentuated a manner. 3d. At the moment of totality, of which 
the time corresponds approximately to the usual maximum elong- 
ation toward the west, there is produced on the contrary on Au- 
gust 30th a well accentuated minimum of the curve. 

From these facts one is tempted to conclude that there is a cer- 
tain probability that the effect of the eclipse is indicated by a de- 
pression of the curve toward the east; but it is necessary to remark 
that this depression began to be produced more than an hour be- 
fore the beginning of the eclipse, and further that nothing proves 
absolutely that it was not entirely independent of it and due to the 
general perturbation of the day. 

Different observers, from the examination of curves obtained at 
other stations, notably M. Bigourdan for that of Sfax and M. Moure- 
aux for that of Poissy, have employed a mode of discussion anal- 
ogous to the preceding and have announced similar conclusions. 

II. I thought that one could perhaps obtain something definite 
by comparing in a certain manner the curves obtained on the day 
of the eclipse at different distant stations with each other and with 
that of Philippeville. Thanks to the kindness of M. Moureaux (to 
whom I here express my very sincere thanks), I was able to pro- 
cure the curves of the following stations: ist. Tortosa, in the zone 
of totality ; 2d. Burgos, idem, (curve of the German expedition) ; 3d 
and 4th, Poissy and Stonyhurst, in the zone of partial eclipse. 
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A careful comparison of these diflFerent curves with that of 
Philippeville showed at once that the principal details and the most 
noticable sinuosities which characterize the perturbed course of the 
latter are likewise produced upon the others, and are there imme- 
diately recognizable, except for slight differences ; further, a char- 
acteristic fact, the corresponding details, the peaks and depressions 
of the common sinuosities were produced synchronously at the 
different stations (at the same ''physical instant")- 

For purpose of illustrating this fact by an example, correspond- 
ing portions of the curve of Philippeville, and that of Poissy have 
been placed in juxtaposition in the figure below. (Fig. 2.) 



Philippeville 



S 



» 



Fig. 2. 



Poissy 



[It will be noticed that there is a little more detail in the Poissy curve, which is 
partly due to the fact that the photographic paper there moved three times more 
rapidly than at Philippeville, and for the rest to the fact that the scale of ordinates 
there was greater.] 

Now Burgos is more than 1,100 km. from Philippeville, Poissy 
more than 1,500 km., etc. From all this I draw the following pre- 
liminary conclusions : 

I St. The details of the perturbation shown by the curves of 
August 30th are completely independent of the eclipse, since they 
are produced synchronously at widely separated stations at which, 
on the contrary, the corresponding phases of the eclipse took place 
at very different absolute times. This proves conclusively that 
this particular agitation of the magnet was not related to the as- 
tronomic phenomenon. 

2d. This synchronism proves that one has to do on this day 
with a general disturbance of cosmic origin such as is frequently 
produced during maxima of solar activity and which are in con- 
trast to other frequent disturbances of a limited local nature. It 
was precisely this circumstance which made it possible for me to 
compare the curves from the different stations systematically in 
such a way as to eliminate the effect of this general perturbation 
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and to see if there is superposed any residual eflFect due to the 
eclipse. 

I will indicate briefly the course of procedure, referring for the 
details to the complete memoir which will soon appear in the An- 
nales du Bureau des Longitudes, 

If 8 is the variable angle by which a given disturbing force de- 
flects the needle from its position of equilibrium in a field of in- 
tensity H, the efiective component of this force is at each instant 
measured by H sin 8 = 7/8 (since we have to do here with very 
small angles of the order of the minute), H being in this particu- 
lar case the horizontal component of the Earth's magnetic field. 
Now, as is known, the value of this horizontal component varies 
greatly from station to station. (It is for example about 0.25 
C.G.S. unit at Philippeville and about 0.19 at Paris.) The or- 
dinates of the different stations were then multiplied by suitable 
factors so as to make them comparable with that of Philippe- 
ville, reducing them, if I may express myself so, to the same 
horizontal force. Further, small corrections were applied, deter- 
mined experimentally from the mean of the mean curves from 
each station, designed to take account of the effect of the diurnal 
variation, which, as is known, depends upon the local time. There 
was thus found for each of these widely separated stations certain 
reduction quantities that for any instant of time would reduce, so 
to speak, all the curves to the same phase of their diurnal varia- 
tion. 

Having thus rendered all the curves perfectly comparable, the 
ordinates of different points of the curve of each station consid- 
ered were substracted from the ordinates of the corresponding, 
synchronous points of the Philippeville curve, thus eliminating by 
difference the general disturbance discussed above. 

The numbers* obtained, which are collected in the following 
table, must then show, disengaged from the effect of the general 
disturbance, any residual disturbing force superposed upon it, if 
such exists. 

^ The numbers of this table have been deduced from the crude results obtained 

from measurements by the formula (d, a and c representing respectively 

4 
the crude number corresponding, preceding and following), so as to diminish the 
secondary irregularities of the course of the numbers. It will be noticed that 
some of the numbers of the column Philippeville- Poissy do not have corresponding 
ones at the other stations ; this is because certain parts of the curves of the other 
stations were insufficiently clear to permit exact measurements at every point. The 
Poissy curve was the best of those I had at my disposal for this work, and was not 
inferior to that of Philippeville. 
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THIS TABLE REPRESENTS: 
I Either the excess of a disturbing force which at each station tends to 
draw the needle toward the east, over the value of this same force at Philippe- 
ville. 

2. Or the excess of a disturbing force which at Philippeville tends to de- 
flect the needle toward the west over the value of this same force at each sta- 
tion considered. 

[The tabular numbers are to be multiplied by the factor 14X iO""5 to con- 
vert into gaussian units or by 0.14 in order to obtain gammas (7 =0.00001 
C. G. S. unit] 



Mean Time of 
Paris. 


Philippeville- 
Stonyhurst 


Philipperille- 


PhilippeWlle- 


PhUipprdlle- 
Burgoft. 


h m 










10 55 


7.0 


7.2 


24 


4.2 


II 10 


6.5 


7.1 


2.3 


4.7 


16 


6.6 


5.9 


2.0 


4.7 


19 


6.9 


7.0 


2.2 


48 


21 


7.2 


6.5 


2.4 


5.1 


25 




6.6 


2.6 


55 


28 


in 


6.6 


2.6 


5.6 


^3 


94 


6.7 


2.9 


1-^ 


36 


10.7 


7.2 


3.7 


6.4 


40 


10.7 


6.9 


4.6 




46 


9.4 


6.6 


4.8 


7.6 


52 


7.8 


6.1 


4.5 


8.0 


12 2 


74 


5.9 


4.5 


8.3 


15 


6.5 


6.6 






17 




'd 


6.0 


ia7 


21 


8.9 


6.7 




24 


9.3 


H 


7.2 


10. 1 


26 


9.2 


5.8 


7.5 


10.6 


30 


10.3 


6.6 


7.6 


ia8 


39 


ii.i 


7.2 






43 


"5 


6.7 


7.2 


II.O 


47 


11. 1 


6.4 




10.7 


49 


II.O 


7.0 




11.2 


51 


10.6 


6.8 




10.9 


54 


10. 1 


6.0 




10.2 


56 


10.5 


5.7 


6.9 


10.4 


13 I 


II. 2 


6.1 


109 
1 1.8 


7 


"•5 


7.2 




13 


1 1.4 


7.6 


8!2 


12.6 


17 


11.2 


74 


5-3 


12.1 


21 


10.8 


7.1 


8.5 


10.9 


27 


2-7 


6.5 


8.4 


10. 1 


30 


8.5 


5.5 


}.. 




33 


5.7 


3-9 


6.5 


37 




2.9 


3.2 


3-7 


40 


1-5 


2.0 






44 




0.4 


0.0 


0.0 


47 


0.0 


0.0 






52 


0.2 


0.3 


1.3 


0.7 


56 


0.4 


0.8 


1.7 




59 


0.5 


1.2 


2.2 




14 3 




1.7 


34 


2.1 


6 


2.1 


2..^ 


34 
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Mean Time of 
Paris. 


Philippeville- 
Stonyhunt. 


PhilippeWUe- 


PhilippeTille- 
Tortosa. 


PhilipprdUe- 
Burgos. 


h m 










U 9 


3.7 


2.9 


3.2 




II 




ii 




2.3 


15 








18 




4.0 




2.1 


21 




3-4 


31 




26 


5-2 


3.1 


2.2 


.... 


30 




3-1 


2.7 


2.6 


35 




3-2 


2.6 


.... 


41 


P 


3.5 


2.5 




44 


4.2 


3.2 


4^6 


51 


8.4 


5.4 


3.2 




56 


8.1 


S9 


3.0 




15 I 


7.6 


5.8 




4.2 


4 


7.2 


6.0 






7 




6:0 




.... 


15 


74 




3.9 


43 - 



Time of totality Philippeville 
" " " Tortosa 
" «« " Burgos 
" " central phase Poissy 



Approximate M. T. Paria. 
n m h m 

13 41 to 13 44 

13 25 to 13 28 

13 15 to 13 18 

13 19 



a « « 



Stonyhorst 13 07 



III. We will now inquire as to the conclusions to be derived 
from this table. Fig. 3 gives a reduced reproduction of curves 
constructed on a large scale by means of the preceding numbers 
which will tend to make more manifest to the eye their respective 
courses.' 

On these curves have been indicated by vertical lines when the 
totality or the maximum obscuration occurred at the various sta- 
tions. 

'The probable error in the determination of the numbers in the preceding table 
is the stun of two terms, the one nearly constant depending upon the precision of 
measures of the curves, the other proportional to the corrections introduced to take 
account of departure of the curves from the daily mean referred to that of Philippe- 
ville. The diurnal curves for all the stations investigated passed through their maxi- 
mum between 12 hours 30 minutes and 14 hours (Paris M. T.), and this second term 
must necessarily be very small for this interval. The total probable error, selecting 
for example Philippeville and Burgos, is about ±1.2 units of the preceding table at 
the beginning of the curve, and does not exceed ± 0.3 unit between 12 hours 30 min- 
utes and 14 hours, i. ^., for the part of the table and of the curves which is the most 
inteiesting since it contains the totality or the maximum obscuration for all the sta- 
tions considered. 
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1? Burgoe.Philippeville 



wBuryos 




39 Poissy-Philippcville | 






14", Stonyhurst.Philippeville t 







Fig 3 
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Let us consider the first of these curves, which represents within 
a constant the tabular quantities or differences, " disturbing force at 
Burgos minus the disturbing force at Philippeville," drawn to scale. 
The following is immediately proved : 

1st. The curve rises unmistakably to attain its maximum value at 
the precise moment of the totality at Burgos ; then it descends very 
rapidly and having passed through the initial value reaches a mini- 
mum which coincides vuith the moment of totality at Philippeville^ to 
rise finally toward its initial value, 

2d. It follows that the eclipse has coincided rigorously at these two 
stations with a particular disturbance of the magnetic fields of which 
the effect wcu at each of them to deflect the magnetic needle to the 
easty and was felt with the greatest intensity precisely at the moment 
of maximnm of the astronomical phenomenon. 

3d. The symmetry of the minimum and the maximum of the curve 
with respect to the initial and final ordinaies proves that the magnetic 
effect accompanying the eclipse was of sensibly equal magnitude at the 
two stations at the moments of their respective totalities, 

4th. // then seems impossible not to consider as produced by the 
eclipse the parallel phenomena which we have just examined. 

I will now show that the examination of the other curves only 
confirms these results in a rigorous manner. 

If we first examine the curve **Tortosa-Philippeville" we see 
that we could repeat the preceding propositions in the same 
words. Further, ist. We see that the totality of the eclispe took 
place at Tortosa about 10 minutes later than at Burgos, while the 
maximum of the curve is displaced by an equal amount. 2d. 
On the other hand the amplitude of the Tortosa-Philippeville 
curve (difference between maximum and minimum) is less 
than of the Burgos-Philippeville curve. But this is in per- 
fect accord with what one would expect; the curves repre- 
senting in fact the differences between the effects at two sta- 
tions at a given moment, it is natural to think (without as- 
suming anything as to the mechanism of the phenomenon) that 
these differences between the effects ought to be so much the 
greater as the differences between the disturbing causes are them- 
selves more considerable at a given moment ; thus while the eclipse 
is total at Philippeville it is much more nearly so at Tortosa than 
at Burgos which is more distant. 

The examination of the last two curves " Poissy-Philippeville " 
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and "Stonyhurst-Philippeville** confirms plainly the preceding con- 
clusions. One sees, for example, that the amplitude of the first of 
these curves is less than that of the second ; and here, to the con- 
siderations which we have just presented to justify this result, is 
added further, that the obscuration was less at Stonyhurst than at 
Poissy.' 

In the respective curves of these two stations, it is clearly shown 
that the maximum value of the disturbing force due to the eclipse 
was less at these stations than at Philippeville. (This is seen from 
the accentuated dissymmetry of the lower curves.) But the eclipse 
was only partial at Poissy and Stonyhurst, while it was total at 
Philippeville. 

IV. One can attempt, in the following manner, to form an ap- 
proximate idea of the absolute value of the disturbing force due 
to the eclipse. First of all it appears certain (and it is plainly 
seen why) that this force at the moment of totality was at least 
equal to half of the greatest amplitude of the curves above (which 
is that of the curve " Burgos-Phiiippeville ") that is, greater than 

^^' X 1.4 X io"5 gauss = 8.8 X lo-s gauss. 
2 

But further, the middle of the totality at Philippeville took place 
about 24 minutes and 15.5 minutes after the end of totality at 
Burgos and at Tortosa respectively. If we call /^ and If the 
intensities of the solar radiations at Burgos and at Tortosa at that 
moment, calculation and photometric experiments show that ap- 
proximately we have —w — = ""TTT" = i-54- Now the ratio of 

the respective amplitudes, 12.6 and 8.5, of our curves relative to 

12.6 
Burgos and Tortosa is — - — = 1.48 

That is to say the diflFerences between the magnetic eflFects of 
the eclipse at two stations at the moment of totality of one of them 
are almost propotional to the differences between the intensites of 
solar radiation at these two stations. Extrapolating, (by a very 
rough method designed only to give an order of magnitude, and 
knowing that 24 minutes after totality at Burgos the solar radia- 

« It will be noticed that the curve relative to Stonyhurst, although its general 
course is very clear, presents some slight digression— more pronounced than those 
of the other stations. One can not be surprised at this when it is considered that 
Stonyhurst is more than 2,000 kilometers from Philippeville and further that these 
digressions are not of an order of magnitude greater than those which frequently 
take place between two stations not far apart in times of general disturbance. 
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tion was about 0.35 of the total value, we deduce that the disrurb- 
ing force due to the eclipse was roughly at the moment of totality 

equal to — '- gauss = 25 X io"5 gauss, which corre- 
sponds to a deflection of the needle a little more than 3' to the 
east at Philippeville. 

But by the usual effect of the diurnal variation, the needle is or- 
dinarily about 5' to the west of its mean position at the hour when 
the maximum phase of the eclipse of August 30, 1905, occurred. 

V. We may, it seems, sum up the whole of the preceding dis- 
cussion thus : During the eclipse of August jo, 190s, there was sup- 
erposed upon the general magnetic disturbance which took place at that 
time a special perturbation aitributable to the eclipse ^ and of which the 
effect was to deflect the declination needle to the east^ (1. e, toward the 
mean position) by a considercUfle fraction of its normal westerly elonga- 
tion. The value of this disturbing force ^ where the eclipse was totals 
was certainly at least equal to 8,8 X io~^ gausSy and without doubt 
about three times as great. The maximum vcUue coincided at all sta- 
Hans considered with the maximum phase of the eclipse itself 

VI. Such are the crude facts which are derived from the ob- 
servations. It would doubtless be premature to endeavor to pen- 
etrate at present into the subtile mechanism which caused the mag- 
netic needles to respond to the eclipse in the way that we have seen. 

May I be permitted, however, to recall briefly some simple con- 
siderations on the subject which I developed in a memoir that ap- 
peared several years ago?' It is known that the diurnal variation 
of the magnetic elements and in particular of the declination is 
closely dependent on the Sun : it has its whole amplitude during 
the hours of greatest insolation (from nine in the morning to 
three in the afternoon) while the magnetic needle varies only 
slightly during the rest of the day and night; this amplitude is 
greater in summer than winter, (and inversely in the other hemis- 
sphere) and during maxima of solar activity than during minima, 
etc. I have been led to conceive of the role of the Sun in a par- 
ticular manner which can be summed up thus : the convection cur- 
rents of the upper atmosphere, crossing the lines of the force of 
the Earth's magnetic field, engender inductive electromotive forces, 
which, under the influence of a conductivity produced in a certain 
manner by the solar radiation, are made evident by electric cur- 

^Annales de rObservatoire de Nice, v. IX. 
4 
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rents acting upon the magnetic needle and causing, as I have shown, 
(/. c^ all the characteristics of the diurnal variation of the needle. 

As far as concerns the present question, I have shown expressly 
that if my conception of the magnectic variation is correct, when 
a total eclipse intercepts at any place the rays of the Sun, and di- 
minishes the intensity of the electric currents producing the diur- 
nal variation the following phenomena ought to result : 

I St. The magnetic needle, which is at this moment at a certain 
position of its diurnal course, should tend to return to its mean 
position, i. e., the eflFect of an eclipse about 2 o'clock in the after- 
noon should be to give the needle a motion toward the east, at 9 
in the morning, on the contrary, a motion to the west. 

2d. The magnitude of the effect should be proportional to the 
elongation of the needle at that moment of its diurnal course ; t. ^., 
it should be most effective when the eclipse is central about 2 o'clock 
in the afternoon. 

3d. This effect should be greater for stations situated on the line 
of totality than for others. 

4tlu Finally, I have shown that in the most favorable case this 
cause should not produce a variation of the needle greater than a 
fraction of its diurnal elongation at the moment of the eclipse. 

I do not instist upon the details of this conception. But, as is 
seen, there is a remarkable agreement between all these theoretical 
predictions and the experimental results in the course of this 
article. 

In conclusion, the magnetic effects of the eclipse of August 
30th were, if my theory is not erroneous, in a way negative ; by 
this I mean that the suppression of the solar radiation and the 
corresponding decrease of the atmospheric conductivity and of the 
electric currents which are the usual agents of the diurnal varia- 
tions had for result not an actual disturbing force deflecting the 
magnetic needle to the east, but a diminution of the force which 
normally maintains it to the west of its position of equilibrium. 

Observatorie de Paris ^ January jo, igoy. 
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NOTE ON THE PRESENT POSITION OF THE EARTH'S MAG- 
NETIC AXIS DERIVED FROM DECLINATION DATA ALONE. 

By W. VAN Bbmmbi,bn. 

The marked secular variation to which the magnetization of our 
planet is subject, makes it extremely probable, that its mean magnetic 
axis is also slowly changing its position. 

Our exact knowledge concerning this question is almost nil, because 
we only possess determinations for two epochs, differing but fifty-six 
years in time, viz.: 

Epoch. Latitude. Longitude. Authority. 

1829, .... 78** i6^N 295° 15' E Erman and Petersen. 

1885, .... 78 34 291 30 Schmidt 

These figures are the geographical co-ordinates of the intersection 
of the magnetic axis with the Earth's surface in the Northern Hemis- 
phere. They were derived by the respective authorities mentioned from 
an harmonic analysis of the three magnetic elements — not declination 
alone, as in my case. 

Though these two positions show a difference, it is an angle far too 
small with regard to the probable error to give any certain evidence on 
the presumed motion of the axis for any extended period of time. 

Some years ago, however, I proved ^ that it is possible, on the prin- 
ciple employed, to derive from declination values alone, a certain direc- 
tion closely allied to that of the Earth's mean magnetic axis. 

Not only did the outcome of my calculations show a close agreement 
with Schmidt's results, viz.: 

Latitude. Longitude. Source. 

78° 34' N, 291° 30' E, Schmidt. 

77 46 290 30 From D. only. 

but those for the epoch 1842.5 also gave nearly the same secular motion 
as appears from the values for 1829 and 1885 quoted above. 

Owing to this closeness it was concluded that also in earlier times, 
for which we possess declination values only, the axis calculated after 
my principle, was near to the true one. Accordingly I calculated the 
position of my axis for the epochs 1600, 1650, 1700, 1770, 1842.5 and 
1885, and also determined the direction and velocity of its secular mo- 

1 Die Sakular-Verlegung dcr magnetischen Axe dcr Erde. Appendix I to Vol. 
XXII of the " Observations made at the Royal Magnetical and Meteorological Ob- 
servatory at Batavia," Batavia, 1900. Compare also this Journal, Vol. VI. p. 73. 
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tion directly from the values of the secular variation of the ma^etic 
declination. 

The path I obtained — very regular in shape — pointed strongly to a 
swinging of the axis about the point, which I assume is at the same 
time the pole of aurora borealis and magnetic disturbance. 

Upon the receipt of the declination map for 1905, recently issued by 
the German Reichs-Marine-Amt» I made the calculation of my axis for 
this most recent epoch, notwithstanding the fact that the difference of 
twenty years is small with regard to the slow motion of the axis. 

It would appear that the swinging came to a turning-point dur- 
ing the latter half of the past century, and so it was not improbable 
that after twenty years this turning in its motion would have accentu- 
ated itself. 

The result of the new computation has not disappointed my expecta- 
tions, as may be judged from the accompanying figure. 

This diagram is similar to the one in my paper of 1900, but the 
positions for 1885 have been corrected in accordance with my revised 
computations, and moreover the positions for 1905 have been added. 

The coefficients of the normal equations for 1885 and 1905 are given 
here; they duly show diflerences of a systematic character. The 
weights mentioned in the last column have not yet been applied to 
them. 

Coefficients of the normal equations. 



I^atitude 


[-] 
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Waac] 


[^•T] 


[e V^c] 


weight 


1885 


1905 


1885 


1905 


1885 


1905 


1885 
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1885 


1905 


60° N 


5.84 


5.90 


12.09 


12.09 


—1. 10 


— 0-93 


aoi 


0.07 


2.17 


^'^ 


^^ 


50 


7.04 


7.02 


10.92 


10.96 


-0.68 


—0.56 


—0.19 


aoo 


1.99 


1.86 


048 


40 


7.«4 


7.82 


iai6 


10.16 


—0.32 


— 0-34 


-0.17 


— aoi 


1.84 


1.71 


0.69 


30 


841 


8.39 


9.54 


9.56 


-^.34 


—0.33 


—0.17 


-0.13 


1.67 


1.53 


0.84 


20 


5-7? 


5-75 


Q.19 
8.97 


9.22 


—0.29 


-0.23 


— 0.20 


— 0.11 


1.69 


146 


1.00 


10 


8.96 


8.95 


n 


—0.13 


—0.12 


-K).l8 


—0.16 


1.63 


1-57 


1.02 





9.00 


9.00 


8.96 






-0.39 


—0.30 


T.71 


1.74 


1. 00 


10 S 


8.98 


8.98 


8.99 


8.99 


021 


0.15 


-0.54 


—0.48 


1.85 


2.00 


0.89 
0.78 


20 


8.92 


8.99 


9.07 


8.98 


0.39 


0.42 


—0.88 


—0.76 


2.28 


2.28 


30 


8.79 


8.91 


9.23 


9.07 


0.58 


0-55 


— I.I3 


—1.31 


2.32 


2.45 


0.67 


40 


8.53 


8.66 


947 


930 


0.58 


0.58 


-1.65 


-1.71 


2.48 


2.51 


0.60 


§° 


8.1 1 


8.21 


9.86 


9.77 


0.51 


0.62 


—1.66 
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The newly acquired position for 1905, as may be seen in the figure, 
is situated close to the path already assumed, revealing indeed a con- 
tinuation in the turning of the motion. 



Digitized by 



Google 



POSITION OF EARTH'S MAGNETIC AXIS 



29 




Digitized by 



Google 



30 IV, VAN BEMMELEN [ /ol. xii, no. i.) 

The velocity, «, and direction of motion, 7, in 1885, calculated from 
the values of secular variation of declination, were found to be : 

e = 1^6 yearly ; 7 = W 77° N. 

The interesting results as to the position of the axis for different 
zones of the Earth are not only strengthened by the revision of the 
1885 positions, but are also confirmed by the newly calculated ones for 
1905, as may be easily judged from the figure. 

Consequently the axis 0/ regular magnetization of the two hemis- 
pheres taken separately y move in the same clockwise manner, the northern 
one moving slower , but in advance. 

We may possibly have here some causal connection with the two 
well-known facts, that the Southern hemisphere is chiefly covered with 
seawater, which is a good electrical conductor, and that the great air- 
current of general atmospheric circulation about the pole is stronger 
for the Antarctic than for the Arctic Zone. 

The positions of the south end of the axis for 1842.5, 1885, and 1905 
are more irregular than I could wish ; especially with regard to the pos- 
sibility of making a supposition about the path described by the mag- 
netic pole. 

As direct observaions are missing, I derived the wandering of the 
magnetic north pole from a plausible extrapolation of my isogonics, do- 
ing this before I had any idea of the results to be obtained concerning 
the motion of the axis.^ 

Now both paths show such a strong likeness to each other, particu- 
larly those of the North pole and of the northern intersection of the 
axis, that it is rather probable that the present direction of the dis- 
placement is a northwesterly one, just as it was adopted by Neumayer 
in constructing his charts for 1885. 

Happily we may expect that Amundsen has been able to locate the 
pole, and will give us a reliable position, which may justify or deny 
my hypothetical path. 

The position of the South magnetic pole for 1841 and 1885, which I 
adopted in my former paper, agrees with the western motion of the 
southern axis. 

I have marked these spots on the present map ; the first, •' Ross, 
1 841," is the one mentioned by Neumayer in the text to his charts, the 
other is the point adopted by him for 1885. 

But the points mentioned by Chree in his paper on the magnetic 
work of the Antarctic expedition of 1898- 1900,* are quite in contradic- 
tion to the ones mentioned above. 

1 Compare also Dr. B. H. Schiitz. Die Magnetischen Pole der Erde. Berlin, 1902. 

1 Magnetic and meteorological observations made by the "Southern Cross" 
Antarctic expedition, 1898-1900, under the direction of C. £. Borchgrevink. Lon- 
don, 1903. 
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As the most trustworthy position derived from the 1841 observations 
Chree quotes the one mentioned by Adams (see figure), and from the 
1900 observations he deduces a position which points to a northeasterly 
movement of the South pole. 

The various determinations however are, because of lack of observa- 
tions, so uncertain, that it seems best to defer passing judgment until, 
at least, the magnetic observations of the recent Antarctic expeditions 
have been published. 

The coordinates used in constructing the figure are: 

Axis. 

Bpoch. 6oPN-6o°S Longitude tatltade 6o» N-jo** N 2o<>N-ao*8 30* S-te** S 

X y T^ ^ X y X y X y 

1600, . 0.081 0.037 335° \vf 84® ^^' 0.020 0.061 0.081 0.052 0.149 —0.020 

1650, . 0.096 0.069 316 15 84 15 0.032 0.1 10 0.094 0.076 0.185 o-oo? 

1700, . 0.104 0.108 314 o 82 30 0.032 0.158 0.096 0.108 o.2(w 0.057 

1770, . 0.098 0.159 301 40 79 30 0.036 0.188 0.079 0.162 0.21 1 0.123 

1842.5,0.091 0.201 294 27 77 36 0.029 0.207 0.069 0.199 0.206 o.2t6 

1885, . 0.076 0.203 290 30 77 46 aoo7 0.179 0.047 0.200 0.203 0.242 

1905, .0.073 a2oi 289 56 77 56—0.004 0.164 0.038 0.197 0.22 1 aa59 

1829, . 0.089 0.188 295" 15'' 78" 16^ Brman and Petersen. 
1885, . 0.074 0.188 291 30 78 34 Schmidt. 
1885, . 0.080 0.190 292 43 78 20 Neumayer. 

Magnbtic NOIITHPOI.E. 

Longitude Latitude 
Epoch. X y x^ N Authority. 

j6oo, .0.114 — 0.072 234° 82^ Extrapolation 

1650, . 0.169— 0.051 253 80 " 

1700, . 0.230—0.024 264 77 " 

1851, . 0.359— 0.043 263 15'' 7005'' Ro8«. 

1885, . 0.351—0.047 262 20 70 30 Neumayer. 

Manbtic SouthpolB. 

Longitude Latitude 
Epoch. X y " ^ * Authority. 

1841, . 0.1x6 0.239 154*08^ 75^*05 Rosa. 

1841, . 0.159 0.246 147 07 73 40 Adams. 

1885, . 0.X63 0.243 ^6 15 73 39 Neumayer. 

1900, . 0.144 0.277 152 30 71 40 Chree. 

Batavia, August 13, igo6, Royal Magnetical and Meteorological 
Observatory. 
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WHAT IS THE EARTH'S MAGNETIC AXIS AND ITS 
SECUI.AR MOTION? 
L. A. Bausr 

According to van Bemtnelen's investigation, contained in this num- 
ber of the Journal, it would appear that since about 1840 the northern 
end of his " mean magnetic axis " of the Earth, deduced from magnetic 
declinations alone, has been moving in a northwest direction, i. e., in- 
creasing its north latitude and west longitude. Prior to 1840, as will 
appear from his figure, the secular motion, since the year 1600, had been 
southward, north latitude being decreased throughout ; during part of 
this period (1600-1700 about) west longitude was decreased and during 
the remainder of the period it was increased. 

In the second paragraph of his article, van Bemmelen cites the 
determinations of the magnetic axis by Erman and Peterson for the 
epoch 1829, and of Schmidt for 1885, their values being derived from 
a harmonic analysis of all the magnetic elements, not from decli- 
nations alone, as in van Bemmelen's case. The comparison there given 
would likewise, apparently, indicate that the motion was northwestward 
for this period, although the increase in latitude was not as pronounced 
as van Bemmelen had found. 

According to my investigations the 1829 analysis can not be regarded 

as good as those made independently by Adams and Fritsche for the 

period 1840-45, as based upon Sabine's magnetic charts. We likewise 

have Adams' analysis for 1880, Fritsche's for 1885, as also Schmidt's for 

1885. (There are other analyses for this period, but either they were 

merely preliminary ones or not carried as far as those cited).> Making 

use of these analyses, giving Fritsche's figures for 1840-45 half weight 

in combining with those of Adams for the reason that they were based 

on a smaller number of scalings from the magnetic maps than in 

Adams' case, we obtain the following geographic co-ordinates of the 

north end of the magnetic axis, as deduced from the three magnetic 

elements : 

Bpoch. 1843. 1883. 

Latitude 78° 40^ N 78° 31^ N 

Longitude, 6436W 6808W 

From these figures it would appear that the north latitude of the 
magnetic axis fixed by them was decreased by the same amount practi- 
cally as the north latitude of van Bemmelen 's axis was increased, viz., 
from if 36' for 1842,5 to if 46' for 1885. (See his table, p. 31) 

So again, if a preliminary determination is made of the secular 
motion of the magnetic axis, derived from ai/ the magnetic elements, 
for the period 1890 to 1900, as based upon thirty-six stations distributed 
as uniformly over the Earth as the distribution of land and water will 

1 For a tabulation of the coefficients resulting from the various analyses, see 
Nos. Ill and V of my researches in Terr. Mag.^ Vol. VIII, p. 105, and Vol. IX p. 179. 
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permit, no such pronounced rate of increase will be found as van Bem- 
melen obtains between 1885 and 1905. The increase would be i^ for 
the ten years, 1890 to 1900, whereas van Bemmelen's is 10^ for the 
twenty years, 1885 to 1905, hence his annual rate would be five times 
that of the former. 

In order to ascertain the meaning of these conflicting results in the 
secular motion of the magnetic axis, as derived in various ways, let us 
briefly consider what is meant by the Earth's magnetic axis, and haw 
it may be possible to determine, in a definite manner, its secular motion, 

. Gauss defined the magnetic axis of the Earth as the straight lin« 
about which the Earth's magnetic moment would have a maximum 
value. The position of this axis and the value of the magnetic moment 
are determined by him from the three coefficients of the first order har- 
monic in the potential expansion. 

This simple harmonic represents a homogeneous or uniform mag- 
netization of the Earth about a diameter which coincides with the 
straight line above defined as the magnetic axis. 

Were the Earth uniformly magnetized and the entire system of mag- 
netic forces had its seat below the surface, there would be no difficulty 
in the precise determination of the magnetic axis. But we already 
know: 

(A) That the Earth is heterogeneously magnetized. 

(B) That in addition to a potential of internal magnetic forces, we 
must likewise deal with a potential of external magnetic forces which, 
as will be seen, has a decided influence on the position and on the secu- 
lar motion of the axis. 

(C) That in the last analysis, the present indications are there may 
be a system of magnetic forces not possessing a potential. 

The Earth being heterogeneously magnetized it is possible to obtain 
from the third, fifth, etc., harmonics by collecting the terms involving 
the same trigonometric functions, as occur in the first harmonic, certain 
accretions to the coefficients, from which Gauss determined the magnetic 
axis and the magnetic moment, so as to alter appreciably the position 
of the axis, as also the magnetic moment. In other words, we may 
not obtain from the first harmonic the maximum possible magnetic 
moment. Thus, for example, for the two epochs given above, and using 
the coefficients derived as mentioned above, we have : 

1843. 1883. 

Magnetic moment from first harmonic, 3286 R^ .3233 /?* 

" " " " ** plus terms as above .3425 -M^? 

This likewise shows how the coefficients of the first harmonic may 
be effected by the extent of the expansion. Using but the first har- 
5 
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monic, a value approximating to those given in the second line might 
result. 

The figures from the harmonic analyses thus far used are those as de- 
rived on the supposition that the three rectangular magnetic components 
are to be referred to a common potential, due to internal magnetic systems. 
Fortunately for the five analyses referred to above, the computations were 
made also on the supposition of an external potential, and, in the case 
of Schmidt's, the supposition was also introduced of a non-potential 
portion. We now no longer can speak of ofte magnetic axis, and in 
order to impart the desired precision to our figures defining the posi- 
tion of the axis or of the secular motion, it is necessary, as will be 
seen, to treat the axis of each system of forces separately. 

Supposing at first that we are dealing simply with a potential due 
to an internal system, /, and another due to an external system, E, and 
considering only the first harmonics, the following figures result : * 
Coordinates of Magnetic Axis, 

Internal S3r8tem. External System. 

Epoch. 1843. 1883. 1843. 1^3. 

Latitude, tS** 40^ N 78°29'N 54** N 35** N 

Longitude 64 39 W 68 17 W 93 W 203 W 

Here again it is seen that the secular motion of the magnetic axis 
between 1843 and 1883 of the Internal System, the magnetic moment of 
which exceeds that of the External System 135 times, was clearly south- 
westward instead of northwestward, as seen in the case of van Bemme- 
len's axis. The same conclusion results from my preliminary analysis 
of the secular change between 1890 and 1900 ; the north end of the 
magnetic axis of the Internal System moved about 5^ south in latitude 
and about 10^ west in longitude. 

For the External System, if any reliance is to be put in the figures 
tabulated above, it would likewise appear that the secular motion again 
has been southwestward, and at a much more rapid rate than for the 
Internal System. The same conclusion results from my preliminary 
analysis of the secular motion of the magnetic axis of the External 
System for the period 1890- 1900. 

Hence, thus far it is not possible to reconcile the secular motion of 
the magnetic axis derived from all the magnetic elements with that 
of van Bemmelen's, deduced from declinations alone. It will be neces- 
sary, therefore, to make another separation. 

The horizontal magnetic components {X, + north, Y, -f east) result- 
ing from the first harmonic are due to the sum of the two systems 
(/+ E), given above whereas the -Z' component (-f- downward) arises 
from the combined system (/ — % E). In other words, it is necessary 
either to speak of the /and of the E magnetic axis or of the A^K and 
of the Z magnetic axis. We then obtain : 

iSce No. V of my researches, Terr. Mag., Vol. IX, p. 179. 
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Co-ordinates of Magnetic Axis. 

XY ot(I ^ E) System Zor{I— yi E) System. 
Epoch. 1843. 1883. 1843. 1883. 

Latitude 78° 31^ N 78° 46^ N 78* 45^ N 78** 21^ N 

Longitude 65 15 W 69 30 W 64 20 W 67 40 W 

It will now be seen that the north end of the axis of the -YK System, 
giving rise to the horizontal forces (and in turn to the observed mag- 
netic declinations) moved northwestward as did van Bemmelen's axis, 
the motion in latitude and in longitude being in both cases practically 
the same. (Only the differential motion must be considered, for van 
Bemmelen's D axis is not quite the same as the XY axis.) 

The axis, however, of the Z System distinctly shows a motion to the 
southwestward. 

Making a similar separation for the period 1890-1900, my prelimi- 
nary analysis shows that the axis of the XY System moved during 
this period about 11^ north in latitude and about 2° west in longitude. 
The axis of the Z System, on the contrary, moved during this same 
internal about 11'' south in latitude about yi"^ east in longitude. 

Sufficient has been given to show clearly that it is extremely essential to 
define precisely tne^ magnetic axis, the secular motion of which is deter- 
mined. The indicatioHs thus far are that we must certainfy distinguish be- 
tween at least two magnetic axes, either the two of the Internal and Ex- 
ternal Systems or of the Horizontal and Vertical Forces. Furthermore, if 
part of the Earth's magnetism is to be referred to a system of forces not pos- 
sessing a potential, e. g.. vertical Earth-air electric currents, then we shall 
have to distinguish between three magnetic axes arising respectively from 
the X Forces, the Y Forces, and the Z Forces. Each of these axes will 
have its own secular motion. 

There would also, apparently, be sufficient evidence now that it is 
unsafe to assume that the latitude angle of the magnetic axis remains 
constant throughout time, as was concluded by Carlheim-Gyllenskold.^ 

The question arises, what value attaches to the investigations of the 
secular motion of the magnetic axis derived from declinations alone ? 
In the first place, the investigation of the motion of the axis thus de- 
rived enables one to pursue the research for a period of three centuries, 
whereas in the case of the magnetic components, on account of the 
lack of intensity data, we are restricted to about half a century. 
Again while it will be apparent from above that it is not safe to deduce 
the secular motion of the North Magnetic Pole from that of any partic- 
ular axis as e. g. from van Bemmelen's D axis, the probabilties are that 
the secular motion of this Pole will conform more nearly to that of 
the System of the Horizontal Forces {XY) or of the Declination than 
that of the Vertical Forces {Z), of Inclination. The actual path fol- 
lowed by the Magnetic Poles will, of course, be some complex curve 
resulting from all the operating systems involved. 

> Sec Terr. Mag., Vol. II, pp. 150-155. 
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ROALD AMUNDSEN. 
[Sketch of Life and Work.] 

'*Bom in 1872, student 1890, went to sea in 1894; first officer on 
board the Belgica, the Belgian South Polar expedition ship of 1897-99; 
in 1 901 made oceanographic researches in the Arctic Sea with the Gfoa; 
studied afterwards terrestrial magnetism at Wilhelmshafen, Hambui^g 
and Potsdam; started in 1903 on board the Gjoa for the Magnetic 
North Pole/' 

These are the bare biographical details of the man who, in 1906, at 
the age of thirty-four years, had completed two of the most important 
tasks in geographic exploration and in magnetic research — ^the accom- 
plishment, from east to west, of the " Northwest Passage,*' and the thor- 
ough relocation of the Magnetic North Pole, embracing a magnetic sur- 
vey of a considerable region about this pole, the operation of self-register- 
ing magnetic instruments for about two years, and securing en route mag- 
netic determinations of the three magnetic elements at Godhavn (Disco 
Island), July. 1903; Beechy Island, August, 1903; Gfoa Harbor (King 
William's Land), November, 1903, to July, 1905; Boothia Felix (on a 
sledge journey April and May, 1904); King IVilliam's Land (on several 
sledge journeys from June, 1904, to June, 1905); King's Point (near 
Herschel Island), September, 1905, to June, 1906. 

The continuous registrations of the three magnetic elements were 
made at Gfoa Harbor (November, 1903, to May, 1905, inclusive), and at 
King's Point (October, 1905, to March, 190JS, inclusive). The necessary 
instrumental comparisons and determinations of constants were made 
at Potsdam, May, 1903, and at Sitka (Alaska), September and Octo- 
ber, 1906. 

The reduction of the observations is at present in progress, under 
the direction of Professor Mohn and Aksel S. Steen. The results will 
be awaited with no little interest. 

Various honors have already been bestowed upon Amundsen. 
Among others may be mentioned the awarding of the Patron's medal 
by the Royal Geographical Society of London.' 

The reader may be referred for further information to the following 
articles : 

Amundsen, R. Die beabsichtigte Norwegische Expedition nach 
dem Magnetischen Nordpol. Terr. Mag,, Vol. VIII, 1903, p. 1-6. 

, . The Northwest Passage. Harper's Monthly Mag., 

Vol. CXIV, April, 1907, pp. 659-674. [This contains a number of inter- 
esting illtlbtrationsj 

, . To the North Magnetic Pole and Through the North- 
west Passage [Illustrated]. Geogr. J., London, Vol. XXIX, No. 5, May, 
1907, pp. sfe-siS. [Amundsen's address before the Royal Geogr. Soc., 
February 11, 1907, with discussions.] 

FovN, N. J. On the Gjoa expedition under Amundsen for polar 
magnetic observations, November, 1906, issue of Naturen. 

1 As the Jonrnal is passing through the press we note, with great pleasure, that 
at the proposal of the Norwegian sdentinc societies, the Norwegian Storting on 
April so, voted the sum of 40,000 kroner (about 1 11,000) to Amundsen, as a recog- 
nition of his services to science. 
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NOTES 



1. Progress of the Magnetic Survey of the Pacific Ocean, The Mag- 
netic Survey Yacht " Galilee ** engaged in the magnetic survey of the 
Pacific Ocean under the auspices of the Carnegie Institution of Wash- 
ington left San Diego, California, on December 22d, on her third cruise, 
which will extend to the end of the year 1907, and embrace about 
25,000 to 50,000 miles. The course to be pursued is indicated by the 
following ports of call : Nukuhiva (Marquesas Islands), Tahiti, Apia, 
Yap, Shanghai, thence direct to Midway Island, Sitka (Alaska), and 
from there to Honolulu. Prom this port it is possible that another 
circuit, situated between the Galapagos Islands, Easter Island, and 
Marquesas Islands, may be undertaken. The vessel, as during the past 
year, is again commanded by Mr. W. J. Peters, who is assisted by 
Messrs. J. C. Pearson and D. C. Sowers, magnetic observers, and Dr. 
George Peterson, surgeon and recorder. 

The courses pursued by the vessel during 1905 and 1906, are shown 
in the map, p. 39. The aggregate length of the two cruises is about 
30,000 nautical miles. 

The Explorer, a surveying vessel of the United States Coast and 
Geodetic Survey, under the command of W. C. Dibrell, is at present on 
her way from Baltimore, Maryland to Alaska, via Cape Horn. Being 
fitted out with the necessary magnetic instruments, she will secure 
en route, both at sea and in port, determinations of the three magnetic 
elements whenever circumstances permit. 

2. Magnetic Work in Canaday Mexico, and Central America. 
Canada, Dr. L, A, Bauer, assisted by Messrs. P, H, Dike and 

E. H. Bowen, of the Department Terrestrial Magnetism of the Car- 
negie Institution of Washington during September and October of 1906, 
determined the three magnetic elements (declination, dip, and inten- 
sity) at about seventy stations in the portion of Canada bounded by 
the parallels of latitude 42° and 49°, and the meridians of longitude 
65** and 105° West. In this region very few observations had previously 
been i|iade. With the completion of this work it is now possible to 
extend^Hhe magnetic maps for the United States up to the forty-ninth 
parallel nearly across the entire continent. The standard magnetic 
instruments of the Toronto Magnetic Observatory at Agincourt were 
likewise compared with those at the Cheltenham Magnetic Observa- 
tory, making it possible thereby to reduce all of the magnetic work in 
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the United States and Canada to the same standard. Through the cour- 
tesy of Prof, Stupart, Director of the Canadian Meteorological Service, 
the Toronto Magnetic Observatory was made available as the base sta- 
tion for the work undertaken by the Carnegie Institution. 

During 1907 further observations are to be made chiefly under the 
direction of Prof, Stupart and Dr. King in charge of the Dominion 
Observatory at Ottawa. 

Mexico. A magnetic survey of Mexico \& now in progress under 
the joint auspices of the Mexican Government and the Department of 
Terrestrial Magnetism of the Carnegie Institution of Washington. 
The Mexican Govemm^t has two parties in the field under the direc- 
tion of Felipe Voile, director of the Observmtxuio Astronomico Nacional 
Mexicano, Engineer Sefiar Abel Dias Cavarrudias having charge of the 
eastern party, and Sefhr Manuel Moreno y Anda being in charge of 
the western party, embracing the Pacific Coast from Manzanillo to 
Guaymas, inclusive of Lower California. The Carnegie Institution 
Observers, Messrs. f. P, Ault and Z>. C Sowers, confin^ their opera- 
tions mainly to the part of Mexico north of the 25th parallel, deter- 
mining, during November and December, 1906, the three magnetic 
elements at fourteen stations, and securing comparisons of instruments 
with the Mexican observers. 

Central America. Mr. J. A. Fleming, of the Department of Ter- 
restrial Magnetism, is at present making magnetic observations in 
Nicaragua, British Honduras, Guatemala and Costa Rica.* 

3. PersoncUia. Dr. Doberck, having reached the age limit for colo- 
nial service, will retire from the directorship of the Hongkong Obser- 
vatory next September and be succeeded by Mr. F. G. Figg* 

It is with great regret that we announce the death, on February 
17, at the age of seventy years, of the eminent meteorologist and 
magnetician, Professor Wilkebn von Bezold. A portrait and a biographi- 
cal sketch will be found in this Journal, Vol. VI, 1901, plate III, and 
p. 144. 

Mr. G. Heimdrod, having completed the magnetic work assigned 
him by the Department of Terrestrial Magnetism, returned in January 
to his duties as Surveyor at Suva, Fiji. He determined the three mag- 
netic elements at thirteen stations, on various islands, in the South 
Pacific Ocean, and secured comparisons of instruments at Apia, Christ- 
church, Sydney and Melbourne. The instrumental outfit was mainly 
furnished by the Apia Magnetic Observatory. 
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ABSTRACTS AND REVIEWS 



RECENT PAPERS IN ATMOSPHERIC ELECTRICITY. 

Abstractbd by p. H. Dikb. 

LtJDBi^iNG, G. Lufielektriscke Messungen aufder OstmoU bei SwinemiifuU} 

The observations made in August and September, 1904, were partly in 
continuation of the former observations made near the East Sea and in 
Helgoland, but principally as a test of the practicability of using the Benn- 
dorf recording electrometer at a field station and under difficult conditions, 
with a view to using it in the proposed international atmospheric electricity 
investigation. The station was near the end of a stone breakwater jutting 
out into the open sea about 2 km. and the instruments consisted of the 
Benndorf electrometer, an automatic recording dispersion apparatus used in 
connection with the electrometer, a water dropper collector also to be used 
in connection with the electrometer, an Elster and Geitel dispersion apparatus, 
an Ebert aspiration apparatus, and the Elster and Geitel apparatus for meas- 
uring the radioactivity of the air. 

Owing to numerous difficulties all the records were more or less inter- 
rupted and the records of the recording dispersion apparatus were rejected 
entirely as unreliable. The measurement of the potential gradient took place 
on four days and showed a double daily period disclosing a marked similarity 
to the barometric pressure curve. The measurement of dispersion with the 
Elster and Geitel and Ebert apparatuses took place on several days, and 
showed fairly good agreement in the vale of ^, which were, as expected, more 
constant than on land, the greatest disturbing feature being land winds. The 
radioactivity observations displayed on the whole small values of A^ but much 
greater than those found by Elster on the North Sea. The smallest values 
were found with purely sea wind and the greatest with land winds. No radio- 
activity could be found in the sea water, a small sample of which was tested 
(% liter) by drawing air through it and testing the air for ionization. 

The Benndorf electrometer proved highly satisfactory and is recom- 
mended for future use. The Benndorf calomel battery was not so satisfactory 
and a battery recommended by Chauveau, made up of zinc-copper elements 
in a weak solution of Magnesium sulphate, proved more suited for field use. 

A plea is made for skillful and well-trained observers to be put in charge 
of a few well distributed observatories, as the value of the international co* 
operation, if attempted, will depend to a high degree on the observers. 
More observations on the coast and at sea are in the highest degree desira- 
ble as so little is known about the conditions existing in the atmosphere over 
the sea and the effect of the spray on the dispersion. 

1 Berlin, Vcroff. Met. Inst. 1905, pp. XII. 
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LuTz, C. W. Ueber einen neuen FlammenkolUktor und dessen Prufung im 

elektrischen Felde} 

The author describes a new flame collector for field observations and for 
the reduction of the readings of r^^tering electrometers to the true reading 
on a level surface, by means of simultaneous observations. It is an improve- 
ment over the former collectors in that it is less affected by the wind, and can 
thus be used when no results can be obtained with the Bister and Geitel col- 
lector. A short, thick candle enclosed in a brass tube is pressed upward as it 
bums by a spring. The flame is enclosed in a glass chimney, quite narrow 4t 
the top, and at the bottom supported on hard rubber blocks so as to leave 
only a small, well-protected opening lor the air to enter. The glass chimney 
is enclosed in a cylinder of wire gauze, provided with a cover of thin sheet 
metal with an opening corresponding to that in the glass chimney. It works 
continuously for six hours without attention and in severe wind conditions. 

The disturbance of the electric field occasioned by the collector was in- 
vestigated by means of an artificial field between two large horizontal plates, 
the upper of wire netting i m. by 2 m., and the lower of zinc and smaller, 
placed 50 cm. below. The netting was kept at a constant potential of 210 
volts by means of a battery, while the zinc plate was earthed. The field was 
explored and equipotential levels located by means of a small water dropper. 
The collector to be investigated was then supported in the field and the 
disturbance of the field investigated by means of the water dropper. Curves 
are given showing the distortion of the field due to the collector with candle 
lighted and extinguished. It was found that the flame collector gave a 
potential corresponding to a level 8.6 cm. above its upper edge in the undis- 
turbed field, or 15.6 cm. above the tip of the flame. Experiments introducing 
an artificial wind show that this distance decreases as the velocity of the wind 
increases, so it cannot be considered as constant, and for a rather high 
velocity the correction even becomes negative. Collectors of other types 
show similar results. 

In a calm the collector therefore gives too small a value of potential 
gradient The author suggests the simultaneous use of two exactly similar 
collectors, one at i m. above the level of the other, the latter being connected 
to the carefully insulated electroscope house, while the former is in connection 
with the leaves of the electroscope. 

Bbnndorp, Hans, {a) Ueber die Storung des homogenen elektrischen Feldes 
durch ein leitendes dreiachsiges Ellipsoid} (b) Beitrage zur Kenntnis 
der atmosphdrischen Electriziidt. XXIII. Ueber gewisse Stbrungen 
des Erdfeldes mii Riicksicht auf die Praxis lujtelektrischer Messungen} 

In the first paper the author develops expressions for the distribution of 
electric potential, force and density when a charged ellipsoid is placed, with 
any orientation, in a homogeneous electric field. He has collected and 

1 Miinchcn Sitz. Ber. Ak. Wxss. (mathem.-phys. Kl.) v. 36, No. 3, 1906, pp. 507- 
526, with 2 pi. 

1 Sitzungsb. K. Akad. Wiss. in Wien, Mathem.-naturw. Kl. v. 115, Part Ila, April 
1906, pp. 391-424. 

« Do— pp. 425-456. 
6 
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reduced to a common notation, solutions of special cases and parts of the 
general problem from various sources, in order to present them in more con- 
venient form for application to special cases arising in practical work. He 
includes tables of capacities of various ellipsoids and also gives the trans- 
formations and development in series of certain of the integrals appearing 
in the general problem. 

In the second paper he applies the results derived in the first paper to 
the solution of problems which arise in the course of atmospheric electricity 
observations. He first takes up the case of the balloon, considered as an 
ellipsoid of revolution, and calculates at what distance below it the electric 
field may be considered undisturbed by the balloon. 

When one point of the balloon is kept constantly at zero potential by 
means of a water dropper, a position of minimum disturbance occurs. Since 
the balloon differs in shape from an ellipsoid of revolution, the location of 
this position ¥rill in practice differ from the computed value, and he calcu- 
lates that with a balloon of 24 m. total height and whose diameter 7 m. 
above the lowest point is 16 m., the disturbance coefficient will be o at from 
8 m. to 10 m. below the lowest point of the ellipsoid, and from 10 m. to 20 m. 
below this point, it will be between — .08 and — .04. In the case of a captive 
balloon the rope introduces a new disturbing factor. 

It is also shown that the disturbance, produced by a slender vertical 
object as a telegraph pole or a church tower, at the level of the base varies 
from 5 per cent at a distance equal to the height to i per cent, at double the 
distance. A person standing at a distance of 2 m. from a collector i m. above 
the surface disturbs the field by 14 per cent It is also pointed out that unless 
the ebonite insulator of the collector be sufficiently long a very noticeable 
disturbance is introduced by the supporting stake. The collector itself 
introduces an error, which in the case of a flame collector, considering the 
upper edge of the protecting cylinder as the neutral point may amount to 10 
per cent at a height of i m. above the Earth. The collectors should be 
made as small as possible. The cases of vertical and of horizontal wires are 
also considered, the latter being of interest in measurements of radioactive 
induction and showing that the potential of the wire is influenced by the 
Earth's field. 

Wood & Campbeli,. Diurnal Periodicity of the Spontaneous Ionization of 
Air and Other Gases in Closed Vessels} 

The paper gives an account of the observations carried on by the authors 
to determine the diurnal variation of the spontaneous ionization of a gas in 
a closed vessel. A continuous record was obtained by means of an electro- 
meter, the vessel containing the gas being charged to a high potential and 
an insulated electrode passed up into the vessel. This electrode was con- 
nected to one pair of quadrants, and also to earth through a vessel contain- 
ing air ionized by uranium, acting as a high resistance. The other pair of 
quadrants were connected to earth, and this way the readings of the electro- 
meter were for small variations directly proportional to the ionization. 
Various gases enclosed in vessels of different metals were tested, giving 

1 Phil. Mag., London, S. 6, 13, No. 74, Feb. 1907, pp. 265-276. 
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results nearly alike. Usually there is a gradual increase of the ionization 
with time, but the most interesting feature is the marked daily periodicity. 
This is shown not to be a temperature effect The paper is summarized as 
follows : 

" (i) The ionization in a closed vessel undergoes a permanent increase 
for a considerable time after the gas contained in it has been enclosed, but 
this increase depends on the nature of the vessel, being comparatively large 
for lead and tin vessels, and negligible for zinc vessels. 

*' (2) Superimposed on this variation of the ionization is a periodic varia- 
tion having two maxima and two minima, each twenty-four hours. 

** (3) In their main feartures the curves representing this periodic 
change are the same as the curves representing the variations of atmospheric 
potential, and it is hoped in a later paper to establish a connection between 
the two variations." 

RuDOtPH, H8INRICH. Erdmagnetismus und Luftelektrizitdty 

The paper criticises severely the methods at present employed in the 
study of atmospheric electriciiy as insufficient and too much restricted to fair 
weather conditions, and discusses also the various theories that have been 
advanced to account for tlie observed phenomena. The electron theory and 
the transformation of radium into its various products are also discredited. 
The author propounds a new theory, beginning with the destruction of atoms 
in the Sun by gravitational pressure. This process gives rise to cathode rays, 
which, being absorbed in the upper layers of the atmosphere create positive 
ions in great excess. This positive charge on the side of the Earth toward 
the Sun causes potential differences. Mountain peaks and rain storms are 
osed to account for a value of atmospheric conductivity many times greater 
than any observed at the Earth's surface during fair weather. The Earth is 
now supposed to be uncharged as a whole, but with regions of positive and 
negative charge, with Earth currents flowing between them, supplied from 
the atmosphere. These currents are compelled by the Earth's permanent 
magnetic field to flow in an east-west direction, and the conclusion is finally 
reached that these currents produce the Earth's permanent field, as well as 
the Earth's internal heat, volcanic action, and magnetic variations. He pro- 
poses to direct this current to profitable use by the use of collecting nets, 
supported by balloons extending over whole geographic areas and by connect- 
ing the areas thus covered with another region of opposite potential by 
means of metallic conductors, and calculates that 100,000,000 horse power 
could thus be supplied. 

J Published by the author at Coblenz, 1906. Price 1.50 M. pp. 50, 22 K cm. 
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and 

Atmospheric Electricity 



VOLUME XII JUNE, 1907 NUMBER 2 



DISTRIBUTION OF ELECTRICITY IN THE \^ 
ATMOSPHERE/ 



By Y. Homma. 



Introduction. 
The distribution of electricity in the atmosphere has hitherto 
been calculated, so far as the author is aware, solely on the assump- 
tion that the portion of the Earth's surface considered is a plane, 
the equipotential surfaces in the atmosphere being planes parallel 
to it.' This procedure, simple as it is, admits of only limited appli- 
cation of the results to the actual problems. In the following the 
calculation is based upon an assumption, which, while still decidedly 
too simple to cover all the details occurring in the exceedingly com- 
plicated field of atmospheric electricity, may be taken as sufficient 
for the standard case, before we are provided with more improved 
observational data from all quarters of the world. 

Assumption. 

It is an established fact that, in the normal condition of the 
weather, the Earth's surface is electrically negative compared with 
points in the atmosphere. Now as to the cause of this phenome- 
non there have been many hypotheses. 

Erman (1803) and Peltier (1836) supposed that the Earth was 
an insulated globe with an inherent negative charge upon its surface, 
the complementary positive charge being at an infinite distance. If 
— ^ be this charge, which we suppose to be uniformly distributed 

' The essential portion of this paper was read before the Physico-mathematical 
Society, Tokyo, on Mar. 22, 1902. 

* See, for instance, Bornstein, WissenbchaftlicheLuftfahrten, Bd. Ill, p. 280, 1900. 
I 49 
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over the Earth's surface, and r the distance of any point in the 
atmosphere from the Earth's center, the potential at that point will 
be given by 

r 
The potential gradient at that point is then 

iX - Q. 

dr r* ' 

or if putting r =^ a -\' h , a being the Earth's radius, we have : 



dV 



Y^ a' \^ a ) 



dr — (a + Ay 

Now the mean radius of the Earth is 6367 km. Hence accord- 
ing to the above result the potential gradient ought to be sensibly 
constant within an elevation in the atmosphere of a few kilometers, 
whereas according to observation it is generally greatest at the sur- 
face and decreases rathet rapidly from the surface upward, so that 
we have reason to suppose that at a comparatively moderate height, 
say 10 km., it may become so inconceivably small that we may 
practically take it to be zero. This simple hypothesis must there- 
fore be abandoned. 

Next let us suppose, together with Lord Kelvin and others, that 
the positive charge complementary to the Earth's negative charge 
is distributed upon a spherical surface of radius d, having the same 
center as the Earth. Then the potential at any point at a distance 
r from the center is 

V^4-^- , a < r<6. 

or =z =1 



The potential gradient is then 

dr r" -^ a^ \ a ) 



The result is just the same as in the preceding case ; it follows 
that this hypothesis must likewise be abandoned. 

From the above considerations we are naturally led to locate the 
complementary positive charge either wholly or partially within the 
atmosphere itself. Now if at any point at a distance R from the 
center the potential gradient be zero, then the whole complementary 
positive charge can be shown to be contained within the sphere of 
radius R, If further the potential gradient continues to be zero 
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beyond this sphere, as it probably does, then the potential is also 
zero at that point, and from a point outside this sphere the Earth 
is to be regarded as electrically neutral.' 

Thus we arrive at an assumption, which forms the foundation 
of the following calculations : 

Assumption, — We regard the Earth as a spherical conductor with 
a negative charge — Q distributed uniformly over its surface. The 
complementary positive charge is wholly contained within the atmos- 
phere so that, at a certain distance R from the center, the potetUial is 
zero. The positive electricity in the atmosphere is concentrically dis- 
tributed^ that is to say, all the equipotential surfaces in the atmosphere 
are concentric spheres. 

Intbgration of the Differential Equation. 

Under the above stated assumption, Poisson's Lcjuation reduces 
itself to 

dtV 2 dV ^ 

dr^ r dr ' ^ *^ 

Introducing a new dependent variable, ti = Vr, we can leduce 
the equation to the following simple form : 

d* ( Vr) ^ 

-^^T- + 4'P^ = o. I 

Two boundary conditions, which serve to determine two con- 
stants of integration, are expressed by 



dV\ 

= o ; 






II 



Suppose we put 

P =f{r). III 

Then equation (I) is completely integrable, if f(r) be such a 
function that it admits of the evaluation of the following integrals: 

* This conclusion seems to me to be probable from pure astronomical ground, 
since if the Earth were ever electrified to any sensible extent compared with the Sun 
and other planets, the effects resulting from the mutual electrical attractions or 
repulsions could not in all probability have escaped the long continued scrutiny of 
astronomers. 
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j /{r) dr = F{r) , 
fF{r) dr = G(r) , 
J G (r) dr = H {r) . 



(Vol. XII. No. 2.) 



IV 



Then integrating ( I ) we get : 
d{Vr) 



dr 



= C - 4T { r Fir) - f ^ (r) dr } 
== C— 4ir { r Fir) — G (r)] ; 
yr= C + Cr— 4ir \CrFir)dr—fGir)dr\ 
= C + C r — 4ir ir G ir) — 2 fGir)dr\ 
^C' + Cr-4' [r G ir) - 2 // ir) }; 

y ^ C + ^ - ^n \^ G ir) ~ I- Hir) } . V 

This is the general solution of equation (I). 

We shall next consider some special cases, which afford com- 
paratively simple results and which are at the same time likely to 
occur in nature. 

Case ( / ) , p = const. 

Here we suppose that the positive electricity is distributed with 
constant density in the atmosphere between the two spheres with 
radii a and R, 

Taking equation (I) and integrating it we have : 

r' 2 



dv 



C 4 

-2 -- ^Pr. 



Making use of equations (II) we get 



C = — 



n p R\ 



2 IT p R\ 
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— V=l^ {R- r)' (2^+r); 
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d V 4 
dr I ^ 



R^-r^ 



(I) 



(2) 



Putting herein r = £i we get as the potential and the charge ot 
the Earth the following expressions : 



- F„=^(/?-«)'(2/? + «): 

Putting R^= a -^ I and r = a + ^ » ^^^^^ 
- V ='^ {I- hy {^a^ 2 I ^ h^; 



(3) 
(4) 

(la) 



rfK 



dh 



(3a) 



- F, = ^^'(3« + 2/): 

!2=yTp/(3«* + 3'»^ + /')- (4a) 

Since a = 6367 km., while h, /are generally not much more than 
10 km., in all probability less than 100 km., we may approximately 
neglect /, h and their higher powers as compared to a ; we get then ; 



- V=2i^p{l-hy; 


(lb) 




(2b) 


-y, = 2npr; 


(3b) 


Q =^ 4 w p a' /. 


(4b) 



Or substituting 2 v p — ^-^ ^ we get : 



(IC) 



dV 
dh 



Q I— h I dV\ I h\ 



- K„- 



9. '. 

a'^ 2 



\ dh I ■> 



(3C) 
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, . , r </K^ volt 

If we put, for example, / = loo km., \-Tir\ = loo — — , 

then we have for the Earth's potential, 

looX looo - 

Ko = — loo X = — 5 X lo* volts. 

2 

Cas^ {//) ,p = k{r — a) = kh. 

We suppose here that the positive electricity is so distributed 
in the atmosphere, that the density at any point is proportional to 
its radial distance from the Earth's surface. 

Equation (I) becomes in this case, 

d^(Vr) 
d 

Integrating it we have : 



7T- ^— ^^^ k{r — a) 



r. 



y=^ C+ -^ — -^(,» — 2ar') ; 

r 3 

dy c' wk . ^ . 



From (II) is obtained : 



r=:--y-^'(3/?-4«); 



Thus we get finally : 



y= -^(/?-r)'(3/?' + 2.ffr+r' — 4^« — 2ar);(5) 



dr 



= f^ {3(/?*-''*)-4«(/?'-''')}- (6) 

Putting herein r = a, we find : 

- r, = 'f-(^-«)'(3^ + «); (7) 

3<» 

3 3 

If we put R = a ■\- 1 and r = a + ^ we have : 

- V^ ^(/_>4)' j2a(2/+>4) + 3/'+ 2 M + A'} ; (5a) 

-^= f^ {6 «'(/'->i'> + 8a (/'->{') + 3 (/*-*•)}; (6a) 
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-I^o = 77'*(4« + 30; (7a) 

l2=^/'(6a' + 8«/+3/'). (8a) 

Neglecting /, h, and their higher powers to a : 

(5b) 

(6b) 

(7b) 
(8b) 



(5C) 
(6c) 

If we put, for example, / = loo km., — n- = loo , 

^ ' ^ ' \ dh ) ^ meter* 

then we have as the Earth's potential: 







— v^ 


= —irkU- 


-hy{2 


/+-»): 






dV 

dh ~ 


^irk (/' — 


>*'); 








-V. 


=^ TrkP; 










Q=2 


^ka' r. 






Substituting 


2 ir k = 


. „ , we have : 


• 


— [/ = 


3 


a* 


> / + A) 






dV 


^ ( 


Ai 


^=. f-ei 


f,- 


-^'1. 



dfA 



2 

Fq =: — — ICO X IOC X looo = — 6. 7 X lo* volts. 

Case {III) p = k{r — z) = k{h — c). 

We suppose here that the density is negative (equal to — k c) 
at the surface and continues so near the surface, until ^ = r, where 
it becomes zero. From h -^ c onward the density becomes positive 
and increases according to the radial distance from the layer h = c. 

In order to get the solution for this case we have only to put z 
for a in the equations (5) and (6) for the preceding case. Thus we 
have: 

— V^— (R — ry(2>J^' + 2Rr->rr'-^R2—2zr);{9) 
3 ^ 

^ = f^|3(>?*-r')-4Mi?'-^')}. (.0) 




Goo 



'^ 
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Putting herein r = « : 

- ^0=^^ {R-ay{iR'-lr2Ra-{-a'-^Rz-2az): {11) 

i? = ^J3(>e*-«')-4^(^'-«')}. (12) 

Placing R=^a-\-l, r^=a-^h, and z = a + r, we have : 

>i' — 2f (2/+A) }; (9a) 
-^ = ff. j 6 «'(/' - A') + 8 a (/• - A') + 3 ('• - >»*) 

— 4 /: [ 3 a' (/ - >i) 4- 3 « ('' - A") ■+ /' - >*' ] } ; (»oa) 

- Fo = ^ /• I 2 a (2 / - 3 f) + 3 /' - 4 f/ } ; ("a) 

1^=^ {6«V' + 8a/' + 3/'-4f (3«•'^- 
3a/'+/•)}. (12a) 
Neglecting /, h, and their higher powers to a we get : 

-^ = 2^*(/->i) (/+A-2f); (lob) 

- Fo = ^/'(2/-30: (lib) 

j2-- 2ir>ia'(/' — 2f/). (12b) 

Q 



Substituting 2 a- X- 



a«/(/— 2^)' 



dh - a^ V I I I, ' ^ /-2f ] ~ I </A Jo 



I^^o 



3 tf=^ /— 2r I ^>% Jo 3 /— 2r ' ^"^^ 
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Case {IV), p=^ k{R — r)=k (/— h). 

Here the density at any point is proportional to its radial dis- 
tance from the exterior spherical surface, so that it is greatest at 
the Earth's surface and diminishes upward until it becomes zero 
at r = i?. 

The solution can at once be obtained by putting — k for k and 
R for a in equations (5) and (6) of Case (//). Thus we have : 

-V=^{R-ry{R-\-r); (13) 

Putting herein r = « we have : 

-V,=^{R-ay{R-{.a); (15) 

l2=^(i^'-4^«' + 3«*) • (16) 

If we put R = a + / and r ^^ a -{- A, we have : 
-y=j^ii-/iyi2a + /+A); ^ (13a) 

^K IT k ( 

+ 2 /A + 3 A' }; (14a) 

-l^o-^^'(2<' + n; (15a) 

^=^/'(6«' + 4«/+n- (i6a) 



Approximately we get : 



-V='-^(/-Ay; (13b) 

ay 

-^ = 2^k(/- A)'; (r4b) 
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-v,= Y '>&/•; (15b) 

Q=2wkna\ (i6b> 

Substituting 2 »• >fe = . .. , we have : 

If we put, for example, / = 100 km., — — - = 100 , 

K dh ) Q meter 

then we get : 

100 X iof>o . 

Fq = — 100 X = — 3.3 X lo* volts. 

r — a h 

Case (V), p = Po ^ = Po^ 

We suppose here that the density decreases according to the 
exponential function of height, as is the case with the density of 
air, water, vapor, or any other gases in the atmosphere. 



a r r 



^ ^ ^ ^ A e ^ , then the equation ( I ) be- 

Put pz^ p^ e e = ^ ^ ^ 

comes : 

r 

~ dr^ — — 4^ ^r e 

Integrating this we obtain : 

r 



dV 
dr 



-%^,.Ak[.^^A^.tL^^e V 
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C =r 4 IT p^ >fe (^» 4- 2 y? >& + 2 >&*) ^ 



T k 



C = — ^irp,k^R^k)e 



k 



Hence: 



R-\-k — 



•-! ■ 



(«7) 



dr 



= ^-^\{r'^-2rk + 2ne * - 



Putting herein r = <t, we get : 



(I8) 



— F„ = 4 IT p„ * 



1*[-+V'] 



+ 



i?4-/t— 



^«-t- 2iV* + 2 *» 



e * ^ ; (19) 



= 4"-Po'^((«* 



4- 2 a yfr + 2 -<r') — (i?' + 2 ^ -«• + 



2 >t') <f * [ . (2o) 



If we put R ^^ a -\- 1 and r — a + A, we have : 



_ J/= iJL^j>fr(a + >J+ 2>fe).f + 



-f> 



[« (/4 — /— >t) + //4 + M — /•-• _ 2 //& — 2 -t^ <r ^ ; (17a) 
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i-^^'^7n^it''' + 2''('* + *)+'*' + 2A*+2-fe']^ '^- 



e j ; (i8a> 



[a' + 2 a (/ + *) + /' + 2 /* 4- 2 **] 

- J/, ==i^|* (a + 2 *)-[«(/+*)+/' 

+ 2/* +2^']^ *| ; (19a) 

^ -^ 4 IT p^ /t 1 a' + 2 «/t + 2 *' — [a' + 2 a 



2 *'] ^ * [ . f2oa) 



(/+*) + /' + 2/* + 



• — (/+>t).r * f ; 



Approximately we have : 
— F = -4Tp„-frl *^ k j^(^h — l—k)e k] ; (,7b> 

^^^^"■Po^l*? * — <!• -*■; : (i8b) 

— F„--_4,p^>t (^t — (/+>t)^— * \ ; (19b) 

!^=4'^Po*'»'li— f~*J • (20b) 

Substituting 4 tt p^ ^ = ^^ :. , 

a' I I —e~k I 

_ y ^ _Q_ ke "/fr + (/, — /— ,6) <,~>t 

«' L '' (170 

I — <? -t 
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h 








I 










dV 


Q 


e 


k 


— 


e 


^^ 


k 


{ dV 


J o 






dh - 


a' 










/ 




I dh 














— € 




k 




e 


k — 


e 


I 



— V. 



a' ' L 

I —e~k 



I —e~k 



I. ifh J o 



k—{l->rk)e 



(1 8c) 



(19c) 



If we put, for example, / = 100 km., >^ =: 10 km. say, then 
— —7- can be neglected. Assuming further, that 

f a; 

dV ^ volt 






100 „,^.|^^^r ' ^^^" ^o is of the order — 10 * volts. 



Comparison of the Theory with Observation. 

In order to compare the results of the above calculation with 
the results of observation, we shall make use of the relation be- 
tween the potential gradient and the height, because it is the 
relation which has been best observed in the whole field of atmos- 
pheric electricity. 

Case ( /) , p = const. 



_dy_ _ ( dy •) ( _h 



If we take -j^ as abscissa 

and h as ordinate, we obtain a 
straight line. Fig. i, as the 
curve representing the rela- 
tion between these two quan- 
tities. Thus the potential 
gradient oitght to decrease 
uniformly with the height. 




Fig. I. 
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dV 
dh 



Case {11) ,p = kA. 



h 

h 
X 



Z .♦ P 

Fig. 2. 



r^m: 



7h 



Here the relation between 
the two quantities is represented 
by a parabola, Fig. 2, with its 
axis horizontal and its vertex at 
the point 



Its curvature is turned toward the origin side. 



h/l 






0.99 



0.2 


0.3 


0.4 


0.5 


0.6 


0.7 


0.8 


0.96 


0.91 


0.84 


0.75 


0.64 


0.51 


0.36 



0.9 

0.19 



dV 



Case {III) ,p = k{h — c). 

~ I d' J o 



i{l-2C) 



The relation between the two 
quantities is again represented by a 
parabola, Fig. 3, with its axis hori- 
zontal and its vertex at the point 



\ dh — [ dh j 
h = c). 



l{i-2C) 



-.-:-- 


: ::\ : 


-^v 


:::: _s:- 


-^= 


f=====4 



s 



I'IG. 3. 
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Case (/I/) ,^=^k{l—h). 



dp 
dh 



=m.('=^]: 



h| 1 1 I [ 1 [ 1 1 1 1 


I 


.t -* 


5 


. ^ 




, ^v 


^^ 


^. 


=^^ 


-^^ 


" . * .» « 1^ 



The relation between the two 
quantities is represented by a 
parabola, Fig. 4, with its axis 
horizontal and its vertex at the 

dV 
point {h = I , -^ = o). 






Fig. 4. 
Its curvature is turned away from the origin side. 



k/l 





0.1 


0.2 


0.3 0.4 


•05 


0.6 


0.7 


0.8 


.09 


I 


{ I V 


■ 


0.81 


0.64 


0.49 0.36 


0.25 


0.16 


0.09 


0.04 


O.OI 






Case ( V) , p = p^e 



k 



dV 
dh 



= m/ 



k —e' 



k 



I —e~ k 



If I /k > 5.3 then e ^ < 0.005 ^^^ can be safely neglected 
in our present case. In that case the formula simplifies itself into : 

_h_ 

dV { dV_y e— k , if//>&> 5.3. 



dh 



dh 



We are perfectly at liberty, but at the same time almost com- 
pletely at a loss as to what value to assign for k. 

Supposing that the positive charge is carried by the atmospheric 
air in the .simplest conceivable way, so that the electric density at 
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any point is merely proportional to the density of the air at that 
point, then we can determine k from the following considerations. 
From Laplace's formula expressing the relation between the 
pressure b at any height h meters and the pressure b^ at the sea 
level, we have approximately : 

__h_ _ h 

18400 7991 

b= b^ ID -^ b^ e 

Now if /q be the temperature and S^ the density of the air at 
the sea level, we have : 

« 1-293 ^ , ^^, ^o 

Similarly at the height h meters we have : 

h 

o ^o I-f «^ ° '^ • I-f o/- 

Now it seems probable from the recent observations with kites 
and balloons that the average rate at which the temperature de- 
creases with height in the free atmosphere is, so far as the height 
does not exceed 10 km., about 0° .5 per 100 meters, so that we may 
put 

' ~ 'o 200 • 

If we put a — 0.00367 and take for t^ an arbitrary value 10*^, 

we get : 

h 

7991 I -I 0.0367 

8 = 80 <? 0.00367 h 
I -r 0.0367 — -— 

•^ ' 200 

~799i I 



^— 0^ e 0.00367 h 

^ ~ 1.0367 X 200 

, — — ( h r A -,' ) 

= 8,. 799-^ .-^,^^ , [^J +.. . . J 

// h Ji 

= ^0^ 7991 . e 56500 == 8q <? 9307 . 

Thus we obtain, k = 9307 m. 
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If / > 50 km., then ^ " * *^° ^ neglected, and we have the 
following table, together with Fig. 5 : 






■ 


^ i 3 


4 


5 


6 


7 


8 


9 


10 


I 0.90 

"" 1 


0.81 1 0.72 


0.65 


0.58 0.52 


0.47 


0.42 


0.38 


0.34 



Taking a smaller value for /, say 10 km., we have the following 
table, together with Fig. 6 : 



h 


_ >o 





. . 


3 


4 


5 


6 7 


8 
0.13 


9 


10 


h 


I 


0.84 0.70 

! 


0.58 


0.47 


0.37 0.28 0.20 


0.06 




9307 ~ 


^ 9.307 







10 


— e 


9.307 





h« 1 ■ . 1 I 1 1 , 1 I 1 
to X. 


i 


« U 


A 




!S 


. V 


* \ 


^^ 


s 


- A A * .« ^v 



% 



10 






— 


— 


"^ 






— 




— 


—— 


S, 
























A 


k 




















6 




\ 


























\ 


























SJ 


























\ 


























s 


























s 


























\ 


\ 

























> 


s, 








.2 




.^ 


\ 


.1 


^ 


X 


\ 


g! 


y 



% 



Fig. 5. 



Fig. 6. 



Next, supposing that the carrier of the positive charge is the 
water vapor and that the electric density is simply proportional to 
the density of the water vapor, then k comes out from the follow- 
ing consideration. 

According to Hann the relation between the vapor tension / at 
the height h meters and the vapor tension f^ at the sea level is 
expressed by : 

k _ h 

f =- J\ 10 ~ 6500 =/^ e~ 28J3 . 
3 
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If /q be the temperature and 8^ the density of the aqueous vapor 
at the sea level, then we have : 

^ 1.393 X 0622 /o 



o 760 

Similarly for the height k we have : 



« 1.293 X 0.622 / 

* — 760 I ^ at 

— ^o /o 'l ^at' 

Making the same suppositions as before we have : 



h = h^e 2«23 . e 56500 =h^ € 2971 
Hence k =^ 2971 m. 



If / > 16 km., ^ ^ can be neglected. 



h. ■ 1 1 1 1 1 r—, r— 1 1 


t 


eA 


J^ 


, r 


* 5 


V 


' ^SS 


^^ 


^>.^ 


J 1 i .6 T^^^ 



Fig. 7. 



fi 



h 





■ 


!' 


3 


4 5 6 


7 


8 


9 


10 


h 

€ 2.971 


I 


07, 


1 
10.51 


0.36 


026 0.19 0.13 


0.09 


0.07 


0.05 


0.03 



Fig. 7 represents the relation between the two quantities. 
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Our task is now to compare the results of the above calculations 
with the results of actual observations. Now as is well known the 
observation of atmospheric electricity in the free atmosphere is ac- 
companied by several difficulties, for instance, the disturbance of 
the electric field by the body of the balloon, as well as by sand 
particles thrown off from the balloon, the disturbance by cloud and 
wind, the false indication of the electrometer-leaves accompanying 
the vertical motion of the balloon, etc. It is therefore not surpris- 
ing that the early observations of Lecher, Tuma and Le Cadet gave 
results which were contradictory to one another. Even the recent 
observations of Le Cadet, Bornstein, Ebert, Linke, and Gerdien fail 
to give any definite knowledge as to the normal distribution of the 
potential gradient at different heights. I reproduce here some of 
the results of the recent observations. 
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' AsSMANN AND Berson, Wissenschaftliche Luftfahrten, Bd. 11. 



Digitized by 



Google 



68 



y. HOMAfA 

Le CadeVs Observations} 

August I, 1893. 
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August 9, 1893. 
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(See Fig. 8.) 



Gerdien's Observations. 
May 5, 1904.' 
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1 Le Cadbt, Etude du Champ Electrique dc rAtmosphere, 1898. 
* Gerdien, Nach d. Kon Gesell. d. Wiss. Gottingren. 1904 
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May II, 1905.' 
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August 30, 1905.' 
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From these results it is seen that it is as yet too early to say 
with anything like certainty what kind of curve expresses best the 

dV dV 

relation between —^ and h. Apparently, however, -^ seems to 

decrease more rapidly with height than any of the above results of 
calculation w^ould give, thus pointing to a greater accumulation of 
the positive charge in the lower region of the atmosphere, than in 
any of the cases examined. 

J Gerdien, Nach d. Kon. Gesell. d. Wiss. Gottingen, 1905. 
2 Ibid. 
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If we now discuss the above calculations in the light of some of 
the theories of atmospheric electricity, we see first of all that Case 
( ///) roughly corresponds to P. Exner's theory slightly modified. 
According to him the phenomena of atmospheric electricity are 
caused by water vapor, which in evaporating from the Earth's sur- 
face carries with it the negative charge.' Now if we suppose in 
addition to this that in the higher regions of the atmosphere there 
exists positive charge just complementary to the negative charge 
of the Earth and the lower regions of the atmosphere taken 

dV 
together, then the relation of -^ to h would nearly be repre- 
sented by the result of Case {!//). The potential gradient ought 
to increase with the height, at least in the lowest regions of the 
atmosphere. If this result be contradicted by observation, as it 
seems to be at present, so must Exner*s theor>', apart from the 
ofteft disputed ability of the water vapor to carry the electric charge 
with it, fall to the ground. 

The so-called ion-theory of atmospheric electricity is founded 
on the fact that an electrified body, whether positive or negative, 
when insulated and exposed to the atmosphere, loses its charge 
gradually, thus pointing to the existence in the atmosphere of pos- 
itive as well as negative ions. Of these ions the negative are 
known to move with greater facility than the positive. Now we 
are told that some of the negative ions, as they move quicker than 
the positive, reach the Earth and electrify it negatively, while their 
positive companions remain in the atmosphere. These would in 
their turn attract the negative ions from the layer lying above them, 
leaving a certain excess of positive ions in the upper layer. Some 
of these positive ions would again be neutralized by the negative 
ions from the layer above them, and so on. Thus there will be 
always some excess of the positive ions in the atmosphere. 

The ionization of the atmosphere is said to be caused by the so- 
called rays from the Sun, so that it will be most intense in the 
uppermost region of the atmosphere. The more free ions exist, 
the greater will be the conductivity of the atmosphere, which in its 
turn causes the diminution of the potential gradient. Thus the 
diminution of the potential gradient with height can be explained. 
But now on the other hand we are told that the ionization of the 
air near the ground is caused partly at least by the radioactive sub- 
stances within the Earth, so that, so far as merely this cause is con- 

• F. ExNER, Wien. Sitzungsberichte Bd. f3. H. f7. 
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cerned, it will be most intense close to the ground. If this be so 
and if the above reasoning be also applicable, then there ought to 
be an increase of the potential gradient with the height in the very 
neighborhood of the Earth*s surface. I do not know if this has 
been confirmed by observation or not. 

Again the positive ions near the Earth's surface will be attracted 
by its negative charge and tend to discharge it. Of course the 
greaier mobility of the negative ions comes here to relief, and the 
Earth can after all retain its negative charge. But wishing perhaps 
to make their cases a little stronger, the ionists argue as follows : 
If the ionized air is passed through the hollow space of a long in- 
sulated metallic tube, the negative ions will continually discharge 
themselves to the inner surface of the tube, which in consequence 
can take up as much negative charge as could be desired, since the 
neutralizing tendency between the positive ions and the negative 
charge of the tube does not exist in this hollow space. The nega- 
tive electrification of the Earth therefore takes place principally at 
some such place as is thickly covered by trees and bushes.' But 
if the negative ions discharge themselves to the tube by virtue of 
their greater mobility, then the divorced positive ions will also dis- 
charge themselves to the tube. For, the hollow space i? in that 
case no longer an equipotential one , since it contains positive charges. 
Thus negative charges will appear in the inner surface of the tube 
and will be quite readily neutralized by the positive ions. 

Also it has been established by observations in different quar- 
ters, that on the top of a mountain the electric dissipation has a 
strongly unipolar character, that of the negative charge being 10 or 
15 times stronger than the other. This fact is commonly explained 
by saying that the stronger negative surface density on the moun- 
tain top as compared with a flat ground attracts many positive 
ions with which the neighboring air must therefore abound. This 
explanation seems to me to have been invented in order to suit the 
actual ob.served fact. We can reason in just the opposite way. 
The great negative surface density on the mountain top will 
naturally attract many positive ions to itself, causing continual 
neutralization of the two opposite charges and leaving in the at- 
mosphere rather more negative ions, than in the air near a flat 
ground. But this is not borne out by the observation ! 

After all it seems to me that the ion-theory by itself is not 

1 See, for example, Hann's Lehrbuch d. Meleorologie, p. 721, or Arrhenius* 
Lehrbuch d. Kosmiscben Pbysik, II, p. 897. 
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quite competent to account for several phenomena in atmospheric 
electricity. The existence of the free ions in the atmosphere is 
beyond dispute. That they would exercise some influence on the 
phenomena of atmospheric electricity is also quite evident. But it 
is doubtful whether the part they play could be so essential and 
primary. Possibly they act rather as a disturbance factor in the 
field of atmospheric electricity, whose primary existence must be 
accounted for by some other theory. 

CONCLUSIONS. 

A short summary of the results attained by the above consider- 
ations will be added here. 

1. If the electric density be constant, the curve representing 
the relation between the potential gradient and the height is a 
straight line. 

2. If the electric density in the upper layer of the atmosphere 
be greater than that in the lower layer, the curve will have its con- 
cave side turned toward the origin ; while if the electric density in 
the lower layer be greater than that in the upper, the convex side 
will be turned toward the origin. 

3. The most reliable observational data point to a vague tend- 
ency of more electricity accumulating in the lower regions of the 
atmosphere, than was assumed in several cases in my calculations. 
But for more exact comparison we must await further data. 

4. The absolute potential of the Earth is of the order — lo* 
volts, which is much smaller (numerically) than — 10'® volts ob- 
tained by Exner's method. 

Hiroshima Higher Normal School, /apart. 
April ^, igoj. 
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THE MAGNETIC OBSERVATORIES OF THE UNITED STATES 
COAST AND GEODETIC SURVEY.* 

By O. H. TiTTMANN. Superintendent. 
Location. 

In connection with the magnetic survey of the United States and 
countries under its jurisdiction, the Coast and Geodetic Survey is oper- 
ating magnetic observatories at the following places : 

Name Place Latitude Longritude Altitude 

North W. ofGr. meters 

O / o / 

Cheltenham Cheltenham, Maryland 38 44.0 76 50.5 72 

Baldwin Baldwin, Kansas 38 47.0 95 10.0 335 

Sitka Sitka, Alaska 57 02.9 135 20.2 15 

Honolulu Ewa, Oahu Island 21 19.2 158 03.8 15 

Porto Rico* Vieques, Porto Rico 18 08.9 65 26.4 40 

Purpose. 

While these obser\'atories are intended primarily to furnish the data 
for reducing to a common epoch the field observations made in the prog- 
ress of the magnetic survey of the country-, it will be seen that they are 
very well situated to contribute material needed for a general study of 
the variations of the Earth's magnetism. 

Administration. 

The direct supervision of the magnetic work of the Coast and Geo 
detic Survey is assigned to an assistant of the Superintendent, desig- 
nated *• Inspector of Magnetic Work ". This position was filled by Dr. 
L. A. Bauer, from 1899 to September i, 1906. Under his able direction 
the sites for the observatories were selected, buildings designed and 
erected, instruments purchased and installed, and the work was established 
on its present efiicient basis. When Dr. Bauer resigned from the Coast 
and Geodetic Survey Mr. R. L. Paris was appointed to succeed him as 
Inspector of Magnetic Work. 

iThe Editor will be glad to receive similar information from other countries, so that a 
correct and reliable list of magnetic observatories can be published, with the desired state- 
oients as to instrumental outfits and the work undertaken.— £</. 

J The data giren for this observatory apply to the old site. For location of new obser- 
vatory, see this issue, p. 77- 

• 4 73 
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At each observatory there is an observer- in-charge. assisted occasion- 
ally by one additional observer, and usually by one helper, to perform 
the manual work and to assist in the simpler forms of computation. 
The conditions at the Porto Rico and Honolulu observatories are such 
as to render an extended stay there undesirable, and the observers are 
therefore transferred from one obser\'atory to another or assigned to 
field work, as the exigencies of the Sur\'ey may demand. 

The records of the various observatories are transmitted as promptly 
as possible to the Ofl&ce of the Coast and Geodetic Survey at Washington. 
Hence, ail requests for information regarding the observatories or for 
results of the observations should be addressed to the Superintendent Coast 
and Geodetic Survey, Washington, D. C, U. S. A,, and not to the observers- 
in-charge. 

Buildings. 

All of the observatory buildings are above ground, except at Baldwin. 
At Cheltenham, Sitka, and Honolulu buildings were constructed for the 
variation instruments, especially designed to secure a very small diurnal 
range in temperature with gratifying success.* As the observatory at 
Baldwin was to be continued in operation only during the recent inter- 
national antarctic work and while the survey in that section of the country 
was in progress, the variation instruments were mounted in an existing 
structure, partly underground. Observations at Baldwin will be discon- 
tinued at the end of the present year. At Vieques, Porto Rico, the 
instruments were mounted temporarily in a room in a large stone build- 
ing, Fort Isabel, until it became possible to erect a building especially 
designed for the work. (See page 'j'j of tliis issue.) 

Magnetographs. 

At each observatory there is in continuous operation a magnetograph 
of the Eschenhagen-Edler pattern, recording photographically the vari- 
ations of declination, horizontal intensity, and vertical intensity. The 
vertical intensity variometers were not installed until the end of 1904, 
owing to delay in receiving the instruments from the makers. At 
Cheltenham an old pattern Adie magnetograph has been kept in contin- 
uous operation also. It was intended primarily for eye-readings, but it 
has proved of great value in filling in the gaps when adjustments of the 
Eschenhagen magnetograph were being made, and in providing the 
data for a comparison of two instruments of different design, one having 
control magnets, and the other having none. 

1 See Appendix No. 5 ; Coast and Geodetic Survey Report for 1902, or this Journal Volume 
VIII, (1903), pp. 11-29. Here will be found also fuller information regarding the sites and 
construction of the various observatories, as likewise views of sites, buildings, and of instru- 
ments. 
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Absolute observations for determination of base line value are made 
at least once a week, and scale values are determined about once a month 
by means of deflection observations. 

Absolute Magnetic Instruments. 

Cheltenham. — A large Wild-Edelmann combination instrument com- 
prising magnetometer, declinometer, earth inductor, and galvanometer. 

Porto Rico. — India Survey pattern magnetometer made by T. Cooke 
& Sons, and a Schulze earth inductor. 

Raldivin. — Cooke magnetometer and Dover dip circle. 

Sitka. — Hschenhagen-Tesdorpf magnetometer and dip circle up to the 
end of 1906, when a Cooke magnetometer and Schulze earth inductor 
were substituted. 

Ilonolnlu. — Wild-Edelmann combination instrument designed for use 
in the field, comprising magnetometor, earth inductor, and galvanometer. 

Seismographs. 

At Cheltenham, Porto Rico, and Sitka, Bosch-Omori seismographs are 
kept in continuous operation. Each consists of two horizontal pendu- 
lums, one recording east-west motion, the other north-south. At the 
Honolulu observatory there is a Milne seismograph recording east- west 
motion, the property of the Earthquake Investigation Committee of the 
British Association. 

Meteorological Observations. 

At all of the observatories some meteorological observations are made, 
which are utilized in some cases by the United States Weather Bureau. 

Publications. 

The annual values of the magnetic elements at the observatories are 
published each year in the Annual Report of the Superintendent. No 
other results of the observatory' work have as yet appeared in print. 
However, it is intended in the near future to publish the results for all of 
the observatories to the end of 1904. 

Annual Values of the Magnetic Elements. 

For convenience of reference, the annual values for January i of each 
year are collected in the following table. These results will be modified 
somewhat when the reducton of the observations has been completed. 
The results for horizontal intensity for Honolulu are 60 gammas greater 
than those hereto/ore published, as it wa^ found that the value of H from 
the fnagnelometer there required a correction of that amount. 
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Cheltenham. Observations began 190 1, April. Present Observer-in- 
cbafge : /. E, Bur bank. 
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Por/o Rico. Observations began 1903, March, 
charge : W. B. Keeling. 
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Baldwin. Observations began 1900, July. Present Observer-in- 
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Honolulu. Observations began 1902, January, 
charge : W. F. Wallis. 
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Sitka. Observations began 1902, 
charge: //. M. (V. Edmonds. 
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PORTO RICO MAGNETIC OBSERVATORY, VIEQUES ISLAND. 

The Porto Rico Magnetic Observatory of the United States Coast and 
Geodetic Survey, temporarily established in February, 1903, in the base- 
ment rooms of the old abandoned Spanish fort (Isabel) at Vieques, on 
the Island of Vieques, Porto Rico, was removed to a new site during the 
first part of April, 1907. The occasion for the change in the location of 
the observatory was that the Insular Government required the entire 
fort for the installation of a public hospital. 

After a thorough examination and magnetic survey of the possible 
locations in the vicinity, a suitable site was found about yi mile west of 
the old observatory (Fort Isabel). The erection of the special buildings 
required was begun the first of February, 1907, the work was completed 
under the supervision of Mr. W. B. Keeling ( the present observer-in- 
charge), the variation instruments were installed, and records were being 
obtained on the loth of April, 1907. 




ViKw OF Porto Rico Magnetic Observatory. 

The variation building is essentially a triple wooden frame structure 
built entirely above ground. The outside dimensions of the outer build- 
ing are 16 feet by 22 feet. The inside of the inner structure is 7^ feet 
by 12^ feet, and 8^ feet high. There is a dead air space of about 17 
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inches between the walls of the two inner structures, and a circulating 
air space of 20 inches Ixitween the middle and outer walls. All the walls 
and ceilings of the triple structure are lined with heavy building paper; 
the inner structure having two layers of paper between the frames, thus 
forming an additional dead air space of 4 inches thickness all around the 
sides and top of the inner room. The total thickness of the three walls 
and intervening air spaces is 4 1^ feet. The elevation of the observatory 
is twenty meters above sea level. The latitude is i8*'o8.' 8 N, the longitude 
is 65°26/9 W. of Greenwich. The site of the new observatory^ is about 
one-half mile to the westward of the small town of Vieques, and overlooks 
Vieques Sound to the northward. 

In the accompanying photograph, the variation building is seen in the 
middle. The small wooden building on the left is where the absolute 
measurements are made, and in the small brick building on the right the 
seismographs (Omori- Bosch) are operated. 

According to preliminary reports received from Mr. Keeling, the daily 
range of temperature inside the variation observatory, under normal con- 

o 

ditions, is 0.2 C. 

Coast and Geodetic Survey. R. L. Paris. 

Washington, D. C, June /. n^oy. 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE 
CHELTENHAM MAGNETIC OBSERVATORY. 

January i — March 31, 1907. 
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O. H. TiTTMANN, Superintendent, 
Coast and Geodetic Survey. 
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DAS MAGNETISCHE FILIAL OBSERVATORIUM BEI SEDDIN. 

In aller Kiirze telle ich Ihnen mit, dass unser neues Observatorium 
bei Seddin (Breite = 52° 16/7, Lange = 13° 0/6 E. v. Gr. == 52" 2.^^\ 
h =; 45*") am Beginn dieses Jahres seine Tatigkeit aufgenommen hat. 
Es werden die drei Komponenten X, V, Z, daneben gelegentlich auch 
die Deklination, samtlich mit ungefahr 2 7 Empfindlichkeit (was bei D 
aquivalent mit 0/36 ist) reg^striert. 

Absolute Beobachtungen werden zunachst nicht gemacht; die Basis- 
werte der Kurven werden durch Vergleich mit denjenigen des nur 13 
km. entfernten Potsdamer Observatoriums unter der im Mittel mehrerer 
Stunden an ruhigen Tagen berechtigten Annahme einer konstanten 
Differenz gewonnen. (Der Fehler dieser Annahme liegt weit unterhalb 
der Fehlergrenze der absoluten Messungen.) Bei passenden Gelegen- 
heiten sollen mit einem zweiten Satze von Magnetometern Feinreg^strie- 
rungen vorgenommen werden. Sobald die Storungen durch den elek- 
trischen Bahnverkehr von Berlin (dessen Centrum 40 km. von der 
Station entfernt ist) die empfindlichen Registrierungen zu beeintrach- 
tigen beginnen sollten, wiirde fur diese eine Aufstellung in einer trans- 
portablen Hiitte gewahlt werden, die nach Bedarf bald hier, bald dort 
aufgestellt werden kann. 

Die Haupt-Instrumente flir die neue Station sind von der Firma 
O. Toepfer u. Sohn in Potsdam gebaut worden. Sie sind so eingerichtet. 
dass sich eine vollkommene Temperatufkompensation und ein beliebiger 
Skalenwert soil erreichen lassen. Wie weit dies praktisch gelingt, muss 
natiirlich die Erfahrung lehren. Da sich alle Untersuchungen und 
Aenderungen an der Aufstellung ohne wesentliche Storung des fortlau- 
fenden Betriebs durchfiihren lassen, so kann man sich dem gewiinschten 
Zustande in planmassiger Weise nahem. 

Um auch bei starken Storungen sicher zu sein, dass keine Aufzeich- 
nungen verloren gehen, sind die Instrumente so eingerichtet, dass sie 
ausser der empfindlichen Aufzeichnung von etwa 2 7 noch 4 bis 5 mal 
weniger empfindliche liefern, bei der auch im Falle der starksten Storung 
ein Hinausgehen des Punktes iiber den Rand des Blattes ausgeschlossen 
ist. 

Potsdam^ nten Febr. jg<>-j. Ad. Schmidt. 
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MAGNETIC OBSERVATIONS DURING PARTIAL SOLAR 
ECLIPSE, JANUARY 13, 1907, AT ZI-KA-WEI. 

Oil the occasion of the partial ecHpse of the Sun» January 13, 1907. 
which here reached a magnitude of nearly 0.6, we exercised more than 
usual care in the registration. 

Scale value determinations were made at two distances in the morn- 
ing ; the time was marked with precision at the beginnings and ending. 

The D and Z curves are absolutely regular. The H curve presents a 
curious little bend at 5^ 44«" (Greenwich time), 16 minutes before the 
first contact; very small abnormal maximum from 6*^ 39"* to 6*> 44"- 
The evening maximum took place at 7*> 59", that is at the usual time. 

At the moments of the phases. 6^ 00.7", first contact, 7*> i2.3">, max- 
imum phase, and 8** i6.6">, last contact, none of the curves show the least 
peculiarity. 

The sensitiveness was for D ; i™™ = 0.52; H; i"»™ = 5.66 7; Z: 
imm = 4.26 7. 

Zi'ka-wei, Jantmry ig, 1907. J. de Moidrev, S. J. 



LUFTELEKTRISCHE MESSUNGEN AUF SEE. 

Auf meine Anregung wird der Stabsarzt in der Kaiserl. Deutschen 
Marine, Dr. Ploeger. auf einer 2jahrigen Auslandsreise luflelektrische 
Messungen auf See anstellen. Die Beobachtungen haben bereits auf dem 
Transportdampfer *' Borussia " wahrend der Fahrt von Wilhelmshaven 
nach Tsingtau begonnen und werden spater an Bord S. M. S. •* litis " in 
den Ostasiatischen Gewassern fortgesetzt werden. Es handelt sich dabei 
hauptsachlich um regelmassige Messungen der luftelektrischen Zer- 
streuung mit einem Apparat von Elster u. Geitel, der Radioaktivitat der 
freien Luft, der radioaktiven Emanation des Seewassers, sowie endlich 
des Staubgehalts der Luft niit Aitken'schen Staubzahler. Die erforder- 
lichen Instruniente lieh das Meteorologisch-Magnetische Observatorium 
in Potsdam, an welchem auch die erforderliche Unterweisung in den 
genannten Beobachtungen erfolgte. 

Aehnliche luftelektrische Messungen gedenkt der eben falls in Potsdam 
vorbereitete Oberleutenant in der Koniglich Non^xgischen Marine Cato 
Rachler anzustellen, und zwar als Teilnehmeran einer Expedition des 
Herzogs von Orleans in die Karische See. 

Potsdam, 2jt€n Mai i^oj. G. Ludeling. 
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LETTERS TO EDITOR 8l 

PROPOSED ATMOSPHERIC ELECTRICITY WORK ON THE 
MAGNETIC SURVEY YACHT "GALILEE" IN 1907. 

In accordance with instructions from the Director of the Department 
Terrestrial Magnetism of the Carnegie Institution of Washington, the 
undersigned will join the magnetic survey yacht Galilee at Sitka about 
Aug. ist and attempt, in connection with the ship's regular magnetic 
work, the following atmospheric electricity observations during a cruise 
in the Pacific Ocean. The main purpose at present is to acquire the 
necessary experience. Hence the work must necessarily be largely ex- 
perimental. 

I. Polenlial. An attempt will be made to study the fair weather 
potential gradient at sea during calm weather, or with fairly smooth sea. 
A plan proposed by Mr. J. E. Burbank will be tried, viz., to place the 
collectors on a boat or raft towed at some distance behind the vessel. 
The collectors would be two amalgamated zinc plates (found to work 
well in fair weather) placed about one meter apart, one above the other 
and connected with the electroscope by two waterproof insulated cables, 
one to the case and the other to the leaves of the electroscope. If the 
zincs do not prove satisfactory, simple water droppers may be devised. 

2. Dispersion. The Elster and Geitel dispersion apparatus will be 
used to obtain relative values of conductivity of the air to compare with 
the large mass of data which have been collected on land with similar 
apparatus by numerous observers. These observations can be carried 
out precisely as on land. 

3. Ionic velocities and specific number of ions. Ebert's apparatus will 
be used, making the observations according to the usual method, and 
protecting the instrument from wind and spray. 

4. Specific conductivity, Gerdien's conductivity apparatus with hand 
driven fan will be employed, the length of the exposure being suited to 
the conductivity found, and the conductivity computed according to the 
usual method. 

5. Radioactivity. The method and apparatus of Elster and Geitel 
will be used for the present at least, the wire being charged to about 
2000 volts by means of the dry pile provided for the purpose as long as 
the dry pile proves efficient. If the dampness destroys the usefulness 
of the dry pile an attempt will be made to charge the wire by means of 
an induction coil. For this purpose a good primary' battery will be 
needed, and also an arrangement for maintaining a suitable spark gap 
(point and plate) so as to have a unipolar charge on the wire. 

The radioactivity of the sea water may be determined by evaporation 
and examination of the residue, or by testing air shaken up with the sea 
water. Rain water will also be collected and evaporated, the residue 
being examined for radioactivity. In these tests the apparatus for the 
investigation of the radioactivity of air and soils of Elster and Geitel 
will be employed. 
5 
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6. Calibration of electroscopes. Electroscopes will be calibrated 
about once a month or as often as the leaves are injured and have to be 
* replaced. A set of 200 cells using copper-zinc electrodes and a weak 
solution of magnesium sulphate as solution has been constructed. 
Along with these a number of small dry cells (small size "Ever Ready *' 
cells will do) giving a potential of about 50 volts will be needed. 
These are for use with the voltmeter to give a standard potential to 
which to refer the magnesium sulphate cells as the latter polarize too 
rapidly to give a correct reading on the voltmeter. Some form of support 
for the electroscopes will be devised to keep them approximately level 
during observations, e. g., a gimbal stand with a flat table on top and a 
rather heavy counterpoise below. 

Department Terrestrial Magnetism, P. H. Dike. 

Washington, D, C, June /, 1907. 



NOTES 



4. Magnetic Observations at Various Levels. The Editor of the 
Meteorologiche Zeitschrift in referring to an abstract of Schmidts article 
on magnetic variation observations in mines (Cf.T. M,, vol. XI, p. 181), 
contained in the March issue of the Zeitschrift^ calls attention (p. 131), 
to the fact that magnetic declination observations were undertaken in 
the year 1884 in the •* Adalbert shaft," of the silver mine at Pribram, 
Austria, 1000 m. below the surface of the Earth. A report of this work 
by Liznar will be found in the Zeitschrift d. dsterr. Ges.f. Met. 20, 184, 
1885. Unfortunately, however, the difficulties of operation proved too 
great to keep up the observations. 

Also in the same volume, p. 180, appears an article by Maurer of 
Ziirich on the magnetic observations made on the top of Mt. Santis, 
2500 m. above the level of the sea. 

The installation of magnetic variation instruments on the top of Mt. 
Sonnblick at a height of 3100 m. is in contemplation. 

In the fall of 1903, L. A, Bauer investigated the possibility of oper- 
ating self- registering magnetic instruments at various levels in the 
copper mines at Houghton, Michigan. It was found that at that time, 
in the absence of electrical installations, the conditions were exceptionally 
good for installing instruments at nearly a mile below the surface. Some 
preliminary arrangements were accordingly made, with the assistance of 
Professor F, IV. McNair, President of the Houghton College of Mines, 
but unfortunately, owing to the greatly delayed arrival of the instruments 
ordered of German mechanicians and the necessity of returning some 
received, on account of their defective character, it has not been possible 
to carry out the contemplated work. Owing to electric installations the 
conditions are not so good now. 
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It may also be recalled that in the published plan of the proposed 
work of the Department of Research in Terrestrial Magnetism, {€/, T, 
M. vol. IX, p. 8), magnetic observations at various altitudes and depths 
are contemplated. Besides possible observations in atmospheric regions 
and in ocean depths, suitable places in mines and on mountains are 
being listed and examined, as opportunity affords, for future use. 

5. Proposed Magnetic Survey of Africa. The Department of Research 
in Terrestrial Magnetism, in co-operation with Professor/. C. Beat tie, of 
South African College, Capetown, is organizing a plan for the early com- 
pletion of a general magnetic survey of Africa. It is proposed to enlist 
the interest and assistance of the various nations concerned in Africa. 
The hope is entertained that the plan may be perfected in time to per- 
mit active work being begun in 1909 or possibly earlier. The work of 
the Department of Research will be restricted to such regions not likely 
to be undertaken by other orfi:anizations. A summary of the valuable 
work already done by various investigators will be given in a future 
issue. 

6. Magnetic work in the Aleutian Islands. Professor T. A. fag gar, 
fr., in charge of Department of Geology of the Massachusetts Institute 
of Technolog>% left Seattle in April on a trip of exploration in the Aleu- 
tian Islands. In connection with this expedition and in co-operation 
with the Department of Terrestrial Magnetism, the attempt will be made 
by Professor H. V. Gummere, of the Drexel Institute of Philadelphia, to 
determine the three magnetic elements at various places. 

7. Site of New Manila Magnetic Observatory. According to the 
** Cablenews " of June 6th, 1906, the Jesuit Friars purchased a large lot 
on Mirador Hill, in the township of Baguio, where they intend to build 
a new magnetic observatory. They have been trying to obtain land 
there for the past three years, and in fact petitioned for a site from the 
Spanish government, but there were long delays in putting through the 
transaction and some of the documents were lost, so the friars had never 
perfected their title. 

8. Removal of Zi-ka-wei Magnetic Observatory. Father f. de Moidrey 
in a letter dated Jan. 8 last, states that the new site for the observatory 
has been chosen, and expresses the hope to effect the removal before the 
electric car lines completely vitiate the records at the old site, so as to 
have but a brief interruption in the records. The site chosen is in an 
isolated place, at least 20 kms. from possible disturbing influences. 

9. Personalia. Professor St. C. Hepiies retired in April 14 last, from 
the administration and financial duties involved in the directorship of 
the '* Institut M^t^orologique et Service Central des Poids et Mesures", 
Bucharest, and was succeeded by Professor I. St. Mural, He continues 
his connection, however, with the Institute, as honorary Director Superior, 
and will devote himself particularly to the scientific phases of the work. 
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PAULSKN'S RESUME OF RECENT THEORIES 
OF POLAR LIGHTS.* 

P. H. Dike. 

The author gives a r6sum6 of the principal theories of the cause of the 
aurora published since 1896, — those of Birkeland, Arrhenius and Nordmann — 
and points out the flaws in each one. All agree in considering the auroral 
rays as a luminescence produced by the absorption of cathode ra3rs in the 
atmosphere, but none seem capable of explaining all the phenomena. Birke- 
land^s first theory rests on the hypothesis that cathode rays emitted by the 
Sun are attracted by the Earth's magnetic poles, producing the aurora by 
their absorption in the atmosphere. This seems incapable of explaining the 
diverse forms of the aurora, and the changes taking place in a single appear- 
ance of the phenomenon. If the cathode rays are forced to follow the line^ 
of magnetic force, it is difficult to imagine how the auroral bands and 
streamers can be produced unless the lines of magnetic force present great 
and sudden changes in their aptitude to allow the cathode rays to pass. Ac- 
cording to Birkeland's second theory, the cathode rays emanating from the 
Sun do not immediately produce the aurora but set up electric currents in 
the atmosphere, which in turn emit secondary cathode rays, whose absorp- 
tion in the atmosphere produce all the auroral phenomena. He produced 
artificial aurora about a magnetized steel ball in a tube of rarified air exposed 
to cathode rays. The theory is also supported by the admitted fact that 
electric currents do exist in the upper atmosphere, especially near the poles. 

Opposed to this theory is the fact that great, but quiet auroral displays 
covering the whole heavens produce very little magnetic disturbance, whereas 
such widespread atmospheric currents as would account for such a display 
would produce a large effect. The observed fact is, that smaller but more 
active auroras of serrated forms produce greater magnetic effects ; this phe- 
nomenon the theory fails to explain. Another objection is that actual meas- 
urements of the height of the aurora show that it is often 400 to 500 km. 
above the Earth and sometimes 600 to 900 km. while at such heights and in 
ordinary circumstances the air is too rarified to be a conductor. The experi- 
mental conditions are too different from the actual conditions under which 
auroras are produced to permit to conclude that "artificial auroras" are 
of the same nature as those appearing in the atmosphere. 

The theory of Arrhenius, published in 1900, supposes that solar eruptions 
throw out negatively charged particles larger than molecules into space* 
which are propelled by the pressure of light. A constant rain of these parti- 
cles reaches the Earth, charging the upper regions of the atmosphere nega- 
tively, thus producing cathode rays emanating from the molecules of air at 
the limits of the atmosphere. The greatest discharge will be during the day 
and between the tropics. At the great height at which this takes place the 

* Paulsen, Adam. Sur les J^tcenteH Theories de PAurore Polaire} 

2 Acad. R. Sci. et Lettres Daneniark, Extr. du Bulletin, 1906, No. 2, pp. 109-144, 
with I pi. 

.S4 



Digitized by 



Google 



RECENT THEORIES OF POLAR LIGHTS 85 

air is too rarified to be made luminous by the absorption of the cathode rays, 
while the lines of the Earth's magnetic force, running parallel to the surface 
of the Earth prevent the rays from penetrating to the lower regions of the 
atmosphere till they reach the regions near the poles where the lines of force 
bend downward, and there the aurora is produced as the cathode rays are 
absorbed in the denser layers of the atmosphere. This theory does not 
account for the occurrence of auroras in the lower latitudes nor for their 
magnetic effect, and leads one to expect a minimum frequency of auroras in 
the Arctic regions in winter, whereas the contrary is true. Numerous other 
objections based on the behavior and appearance of the rays of polar light are 
also raised. 

Nordmann in 1903 advanced the theory that the aurora is produced by 
electric waves emitted by the Sun, which in penetrating our atmosphere pro- 
duce there a luminescence and an abundance of cathode rays. The experi- 
ments of Ebert and Wiedemann have shown that luminescence and cathode 
rays are produced in a rarified gas by the impact of electric waves. One 
would then think that during the night the whole sky in all latitudes would 
be lighted. Nordmann seeks to avoid this by showing by diagram that as 
one approaches the poles the penetration of the solar rays increases as the Sun 
goes down —that is at the moment when the auroras become visible. The 
proof is not very clear. One would expect a second maximum of the aurora 
just before sunrise, but the absence of this maximum is accounted for by the 
greater ionization of the air in the evening, rendering it more excitable to 
luminescence. This could hardly account for the maximum frequency of 
the aurora during December in the Arctic regions. 

The author then advances a theory of his own. He first divides auroras 
into two classes, the first, those without a structure of rays, quite tranquil, 
slow- moving and producing a steady light, and in polar regions producing 
little or no magnetic disturbance. These include the cloudy forms of aurora 
and the vague light ^hich sometimes covers the whole sky. The second class 
is made up of auroras of a radiate structure. These in general are subject to 
active movements and may be of great height and very narrow. The lower 
part is always the most luminous. The form often resembles a sheet. They 
are closer to the Earth than those of the first class and affect the magnetic 
field of the earth strongly. They have the properties of cathode rays, and 
their spectnim has been shown to contain the cathode spectrum of nitrogen. 
Careful measurements of their height have shown that they can not be less 
than 400 to 500 km. above the Earth, at which height the atmosphere should, 
under ordinary circumstances, be too rarified to permit discharges or electric 
luminescence. 

The fundamental hypothesis is then made that the cause of the aurora is 
to be sought in an immense ionization of the upper layers of the atmosphere 
above the zone of maximum frequency of the aurora, of such sort that this 
alteration of the air renews itself each day, begmning at the limits of the 
atmosphere. 

The cathode rays from the Sun following the magnetic lines of force in 
the regions above the atmosphere, will, in the neighborhood of the magnetic 
poles, be drawn down into the atmosphere, causing during the day an 
enormous ionization and a negative charge of the upper layers of the atmos- 
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phere, producing a great expansion of these upper layers so that the^ rise far 
above the levels that they ordinarily occupy. This negative charge increases 
until it is balanced by the emission of cathode rays into space. This mixture 
of negative corpuscles and molecules of air is called auroral materia!. The 
motion of the particles and the emission of cathode rays lead to perpetual 
variations of potential of different parts of the mass, and the radiation being 
under the control of electric forces, constantly varying, will not necessarily 
follow the lines of force of the Earth's magnetic field. 

Sir William and Lady Huggins have shown that the strong radiation of 
radium in a gas produces a luminescence giving the spectrum of the sur- 
rounding gas. The spectrum of the auroral light contains the characteristic 
lines of the nitrogen spectrum suggesting tliat the light is of a source similar 
to that of the radium luminescence. 

The constant changes in the form of the aurora are explained by the 
constant variations of electric potential in the mass of auroral material. The 
greatest ionization of the upper atmosphere will be where the sheet of 
magnetic lines of force directing the cathode rays bends down into the atmos- 
phere, causing the auroral arcs which are in general perpendicular to the 
magnetic meridian. The increase of the width of the zone of light during 
the night is due to the reoulsion of the negative particles having the effect of 
broadening the zone of maximum auroral frequency. The radiate structure 
is due to the cathode ray:i emitted by the auroral material following the 
magnetic lines of force. Tfie motion of translation then arises from motions 
of the electric masses, while the undulaiory motion is caused by displacement 
of the points of issue of the rays. The rays carry with them a certain quan- 
tity of the auroral material, which, left behind by the rays as they disappear, 
causes the auroral haze, disposed in striations parallel to the lower edge of 
the band. As the band becomes weaker, the motion of translation generally 
stops and the band is transformed into a luminous cloud — the remnant of the 
auroral material. The light of the rays which increases toward the bottom 
is due principally to the auroral material which they carry and not to the 
absorption of the rays in the atmosphere, thus accounting for auroral phe- 
nomena at the extreme heights at which they are observed to take place, 
where the absorption would be insufficient to produce luminescence. 

The auroras of the first class being insulated by layers of air of great 
rarification can produce no magnetic effect, but the radiate auroras bringing 
the great masses of electrified matter in communication with the layers of 
atmosphere where electric currents can and probably do exist, produce great 
oscillations in the intensity of these currents, producing widespread disturb- 
ances of the magnetic needle. 

The " auroras " claimed to be seen near the surface of the Earth, e. g., 
below the summit of a mountain may be produced in the same manner as the 
light about radium which is increased by increased pressure. The surface of 
the Earth in these regions may receive a negative charge by the descent of 
masses of air from the upper regions of the atmosphere, bringing with them 
auroral material, which under the greater pressure produces luminescence. 
In lower latitudes the appearance of an aurora is probably caused hj the 
transportation of auroral material by winds directed towards the south m the 
upper layers of the atmosphere, from the zone of maximum. In transport it 
can not remain entirely insulated from the lower layers which are ^ood con- 
ductors and thus magnetic disturbances always accompany auroral displays in 
the lower latitudes. 

This hypothesis explains quite simply the diurnal and undecennial 
periods of the aurora, but brings the annual maximum at the equinoxes 
rather than in winter. 

In the lower latitudes rays extending downward toward the Earth are 
rarely seen, while rays shooting out toward celestial regions visible up to the 
zenith are frequent, reaching heights surpassing 1000 km., which can not be 
explained unless the rays carry with them a material which of itself produces 
the light since such altitudes are much beyond the limits of our atmosphere. 
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SCHMIDT, ADOLF. THE SEDDIN OBSERVATORY 
MAGNE TOGRAPH} 

These instruments were recently constructed by Toepfer for the magnetic 
observatory in Seddin, an auxiliary station of the Potsdam Observatory. They 
represent the most modern type in the remarkable evolution which magnetic 
instruments have undergone in recent years. They are based on the general 
principles of the Escenhagen magnetograph, but are larger, more fully pro- 
vided with fine adjustments to aid in convenient and exact setting, and contain 
certain novel features of considerable interest 

As in the Bschenhagen instruments quartz suspensions are used for the 
declination and horizontal intensity variometers, while the vertical intensity 
variometer is a magnetic balance of special construction. A system of control 
magnets is permanently mounted on each instrument 

As the instruments are not adequately protected from temperature changes 
the problem of temperature compensation is exceedingly important By 
means of the method of Eschenhagen a resultant temperature coefficient sen- 
sibly equal to zero has been attained. At the same time it is possible to assign 
to each instrument any desired sensitiveness. 

In general, it may be said that the base of each of the instruments is pro- 
vided with freedom of adjustment over a certain range in either a horizontal 
or vertical direction in order that the spots of light may be accurately focused 
and set Each has a fixed mirror and two movable mirrors making a small 
horizontal angle with each other to double the range of registration. These 
are all at the same height so that the resulting spots of light are devoid of 
parallax. But in addition the range of each instrument is increased many fold 
by the use of an inclined movable mirror. The light reflected obliquely 
upward from this is again reflected onto the recording cylinder by the use of 
an inclined fixed mirror. Thus as the needle moves the beam of light 
describes a flattened cone, whose intersection with the drum is nearly a hori- 
zontal straight line. But the angular velocity of the beam is much less than 
that of the magnet, being proportional to the sine of the angle which the 
normal to the mirror makes with the vertical. A reduced record of magnetic 
variations is thus obtained from which no conceivable magnetic storm can 
escape. 

Each magnet-house contains a Bourdon tube with mirror attached for the 
registration of changes in temperature. 

The magnets in the case of the declination and horizontal intensity vario- 
meters are one mm. thick and elliptical in form, having axes fifty and ten mm. 
in length. With the aid of small graduated circles they can be orientated and 

1 Adolf Schmix>t. Die magnetischen Variations instrumente des Seddiner Observa- 
toriums. Zeitschrift fiir Instrumentenkunde, May 1907, pp. 137-147. 
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clamped in any direction with res|>ect to the mirror system. A massive 
adjustable copper damper is provided for each magnet The clamping device 
for the suspension is similar to that on the Eschenhagen instruments. The 
torsion head is graduated in minutes, since a high degree of accuracy in 
reading the angle of torsion is necessary by reason of the fact that it is planned 
to measure absolute as well as relative values of the moment of torsion. 

The magnet of the balance is like the others in every respect except that 
it is somewhat broader. Its mirror system is capable of rotation about an axis 
parallel to the knife-edges. An adjustable copper dam|>er fits closely around 
the magnet The agate plates on which the balance rests present a convex 
surface ; thus there are only two points in contact with the knife-edges. This 
method of support, introduced first by Edler at the Potsdam Observatory, 
greatly reduces the friction. Means are provided to insure that the balance 
shall be restored exactly to its original position after being raised by means 
of the lifter. Adjustable counterweights of the usual sort regulate the sensi- 
tiveness of the instrument and the position of the spots of light. 

With each of the unifilar instruments two horizontal control magnets are 
used, one on each side, held by a rider which can be moved along a graduated 
bar. The bar as a whole can be clamped in any position about a vertical axis. 
The balance* has four vertical control magnets, two on each side, capable of 
adjustments similar to those just mentioned. This num1>er was chosen partly 
on account of the strong controlling field needed, partly because if a single 
magnet were mounted on each side the beam of light would be somewhat 
obscured. 

One of the chief features of these variometers is the electromagnetic means 
employed to deflect the magnets in determining the sensitiveness. On each 
side of both of the unifilar variometers is mounted permanently a vertical coil 
of wire of large diameter. In the case of the balance the coils are of the same 
size but placed horizontally above and below the magnet. In all cases the 
distance between the coils is equal to their radius so that the magnet in the 
center is in an approximately homogeneous field, like that oi the Helmholtz 
galvanometer. A correction for lack of homogeneity of the magnetic field has 
been derived directly from observation and found to be in agreement with 
that computed from Borgen's formulae.* 

If the sensitiveness of the declinometer is known from geometrical con- 
siderations that of the intensity instruments can be found, not relatively, but 
absolutely, by sending an electric current through all the coils in the series 
The observed deflections, assuming the size and disposition of the coils to be 
the same in each case, then give data from which the sensitiveness can be 
computed. If the intensity of the current and size of coils are known the 
sensitiveness can be derived without reference to the declinometer deflection. 
A small correction has to be applied for the inductive effect of the current on 
the control magnets. 

The instruments are of brass, aluminum, and glass, and are distinguished 
in outward appearance from the well-known Eschenhagen mag^etographs by 
their large size, greater multiplicity of detail, and by the presence of the large 
deflecting coils. Great pains have been taken to make all parts as readily 

1 This Journal. Vol. I, p. i%. 1S96 
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accessible and as susceptible to fine adjustments as possible. This feature 
leads to the only unfavorable criticism that can be made against them. The 
writer believes that in the greatest simplicity in the construction of magnetic 
instruments there lies the greatest freedom from errors due to temperature 
changes, or the slow cumulative effects of slight mechanical vibrations, or of 
secular shifts in those parts of the instrument that are under strain. This 
remark applies especially to the various means provided for delicately 
adjusting the position of the mirrors and magnet systems of the present 
instruments. Possibly this criticism is unjust in the present case, but it is 
hard to see how such complex structures can become "aged" before a very 
long time has elapsed — and then a fresh adjustment may be necessary! The 
ease and certainty of adjustment as here provided deserves, of itself, much 
praise though it is less necessary in the equipment of an observatory than in 
" Reiseinstrumenten". 

The paper closes with a brief account of the theory of the instruments. 
An equation of equilibrium for the suspended or balanced system is derived, 
in which the field component is expressed in terms of (i) moment of suspended 
magnet, (2) intensity and direction of field due to control magnets, (3) torsion 
of suspending fiber (or, in the case of the balance, moment due to gravity), 
(4) angle between axis of needle and magnetic meridian, and (5) temperature 
and the various temperature coefficients. From this a system of three equa- 
tions is obtained, which must be satisfied if the temperature coefl5cieut of the 
instrument is to vanish. To sati>fy them a suitable choice may be made of 
(a) torsion of suspension (or moment due to gravity), (b) intensity and direction 
of field due to control magnets, and (c) direction of same. It is shown that 
over very wide ranges of imposed conditions a successful combination of these 
three quantities can always be made. W. G. Cady. 

Wesleyan University^ Middletown. Conn. 



SENOIJQUH, A. 



VARIATIONS OF TERRESTRIAL MAGNETIC 
ELEMENTS WITH ALTITUDE. 



From the Comptesrendus of the Paris Academy of March 4. 1907, (t. 
CXLIV, pp. 535-538), the following results of a series of magnetic ob8er\'ations 
near the Massif, Mont Blanc, made by A. Senouque are extracted. 

Magnetic Observations of September /, igo6. 



Place 



Domancy 
Vallorcine 
Pierrc-Pointuc 
Grand Muleh 
Pclit Plateau 
Mont Blanc 



Alti- 
tude 



m 

550 
1300 
2100 
3000 
3700 
4H00 



Lati- 
tude 



45 54 ■« 

46 01.4 
45 53-3 
45 52- » 
45 5« « 
45 49 4 



Longi- 
tude 

EofGr. 



Decli- 
nation 



Incli- 



Hor. 
Com- 
ponent 



Vert. 
Com- 
ponent 



Total 
Inten- 
sity 



C. G.S. units) 



6398 


12 cx) 8 


61 M 


0-2I33 


0.3994 


6 S4.5 


'» 550 


61 56 


.2129 


•3994 


6 524 




61 49 


.2133 


•39«3 


6 5«-7 




6i 50 


•2131 


.39'^2 


6 51.3 




61 49 


.3131 


•3977 


6 51.9 


II 58.1 


61 49 


.2130 


•3795 



0.4528 

.45 1 H 
4516 
•4512 
•4510 
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While the horizontal component changes very little, the inclination, and 
with it the vertical component, decrease apparently as the altitude increases, 
as also the total intensity. The author compares the observed variations with 
the computed ones, and finds negative differences for the horizontal com- 
ponents and positive for the vertical, e. g : 

Mont Blanc, 

//"computed 0.21375; //observed 0.21300; DiflFerence —0.00075 

o / o / / 

/ computed 61 46.6; / observed 61 48.9; Difference -I-2.3 



KESSUTZ, W, HOW SHALL THE RECORDS FROM ELEC- 
TRICAL INSTRUMENTS BE REDUCED AND 
PUBLIi^HEDf^ 

A common method should be established for working up and publishing 
the results of atmospheric electric recording instruments in order to obtain 
comparable d^ta at different places and in different conditions of weather. 

Records are usually incomplete owing to the great variations of the po- 
tential and the diflficulty of constructing an instrument sufficiently sensitive 
for ordinary occasions and still capable of recording very high values. It is 
hence necessary to confine the registration to quiet days. 

The author made the following proposals : 

1. In periodic publications, which give hourly values of the potential 
gradient, all the data recorded should be taken into account. If the curve 
goes off the edge of the paper a -f 00 or — 00 is to be inserted. If in rapidly 
changing potential the sign of the disturbance is not certain ifc 00 may be 
written. The omission of data owing to a disturbance in the working of the 
instrument is to be indicated by dots. 

2. The formation of means is to include only fair weather electricity and 
in the tables undisturbed days are to be indicated by ♦. 

3. As disturbed days are to be considered : All days on which precipi- 
tation occurs (rain, snow, hail, sleet and mist), days when thunder occurs and 
such clear or slightly cloudy days as show strong sharp peaks in the curve of 
more than one hour duration indicating the presence of an atmospheric dis- 
turbance. Days of mean cloudiness of &\^ and over are to be considered as 
disturbed even if the curve shows no striking irregularity. 

4. With view to the rather frequent changes in the potential of the elec- 
trometer batteries, it is recommended to express only the hourly and monthly 

means in — . The suitable reduction formula must be placed beside each 
month's table. 

[With reference to above, the Conference adopted the following resolu- 
tion : 

'• The Commission deems it too early, since atmospheric electrical meas- 
urements have not yet passed beyond the initial stages, to determine upon 
definite reduction methods and precise rules for publications of record s.^*^ 

lApp. XI. Bcricht iibcr die internationale tneteorologische Direktorenkonftrmz in 
Innsbruck, September 1905. 
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SPRUNG, A. AN AUTOMATICALLY FILLED WATER DROPPER 
FOR ATMOSPHERIC POTENTIAL,"^ 

Radioactive substances should never be used as collectors. 

The water collector is the most satisfactory. The reservoir must be filled 
periodically, and a large vessel is not only difficult of construction but incon- 
venient and of large electric capacity. In order to fill a smaller reservoir 
automatically, so that it would work through the night, an adaptation of a 
pinch cock was constructed so that a rubber tube was normally closed by a 
weight or spring, but when a float in the reservoir sunk to a certain level an 
electric contact was made and an electro-magnet opened the cock and a 
system of levers kept it open till the reservoir was filled. At the same time a 
chronograph recorded the time of filling and, the instrument being earthed 
daring the process, a zero line for the curve was traced by the pointer, thus 
giving a check on the times on the trace. The reservoir was thus refilled 
about four times a day. The arrangement worked very satisfactorily. 



SPRUNG, A. A NEW ATTEMPT AT AUTOMATICALLY INCREAS' 

ING THE RANGE OF THE RECORDING 

ELECT ROME TER} 

See also Phys. Zeitschrift, Volume V, page 326. 

The above mentioned paper describes a method of decreasing the sensi- 
tiveness of the electrometer by cutting out some of the cells of the electro- 
meter battery when the pointer reaches the edge of the paper and closes an 
electric contact For still greater disturbances the reservoir of the water 
dropper may be moved, so that the discharge tube projects only 20 cm. through 
the window, instead of 100 cm. This could readily be done automatically if 
the reservoir used were not so heavy. 

Another method which seems more feasible is the use of a Chaveau 
** cascade condenser", consisting of six brass plates insulated from each other 
by shellac. The first of these is connected with the collector, the last to the 
earth, and the next to the last to the electrometer to produce the greatest 
decrease of sensitiveness. When the pointer reaches the margin of the paper 
with the first decrease in sensitiveness in operation the second decrease takes 
place and it is possible to record the potential through a thunder storm. It 
requires the attention of an observer to restore the instrument to its original 
sensitiveness after a disturbance. The second change in sensitiveness with 
the old style of Benndorf electrometer takes place at about 1800 volts. Even 
this much reduced sensitiveness gives interesting information as to the course 
of the potential, even though details may be missing. 

lApp. XXXITI, Ber. int. raeteorolog. Dircktorenconferenz. Innsbrnck, 1905. 
'-^ App. XXXIV, Ber. int. mcleorolog. Direklorenconfcrenz, Innsbruck. 1905. 
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Eve, a. S. The Ionization of the Atmosphere Over the Ocean} 

The paper co;itains an account of observations of the ionization of the 
atmosphere made from June 21 to 30, 1906, on board the s s. **Athenia*', 
Donaldson Line, sailing from Montreal to Liverpool. The weather was 
bright and very clear, and there was no fog nor rain and little spray. 

The instrument used was the later pattern of Ebert's ion-counter, with 
vertical cylinder. Natural leakage was small, and the motion of the ship did 
not much interfere with accurate readings. In the Gulf of St. Lawrence the 
mean readings were «-}- -- 768, n- 743. On the open sea the average values 
were n^ — 975, n- -= 783, ratio 1.24. Near the British Isles larger results 
were obtained, «+ 1210, n- -- 1045. In the Irish Sea near the Isle of 
Man, « I ^ 1273, ''- ~" ^72. These values are compared with those obtained 

by A. Boltzman at sea, n^ 1150, n- =800, ratio 1.4, and also with results at 

Montreal under similar weather conditions just before starting, «+ -^ 768* 
n- '-- 717. The high values in the Irish Sea were obtained with extraordi* 
narily clear atmosphere, while at Montreal there was a haze. The ionization 
at sea is apparently about the same as over the land. The following list of 
possible known causes of the production of ions over the ocean is given : 

(i) Emanation, and its successive products, rising from radium contained 
in sea water. 

(2) Penetrating radiation due to active matter in sea water. 

(3) Emanation, and its successive products, rising from radium iu the 
land, and carried by wind to mid-ocean. 

(4) Charged particles due to the action of wind on the waves. 

(5) Charged particles due to change of area occasioned by waves or 
ripples. 

Evidence of an experimental nature is introduced to show that the 
radium contained in sea water is probably not more than a thousandth part 
of the average in an equal weight of sedimentary rock. Hence the first two 
causes are very insufficient. 

Radium emanation from the land would decay too rapidly to produce 
the observed effects in mid-ocean, though the air being dust free the ions 
would combine more slowly, thus perhaps compensating for the diminution 
in the activity. Measurements of the qu*»ntity of active deposit obtained on 
a negatively charged wire should be made in mid-ocean to test this cause. 
It is not possible at present to assign values to the last two causes men- 
tioned. The electrification of the air is known to be increased by spray, 
however. Smoke is shown to decrease it. 

Elster ^c (iKiTEiy. Ueber die Radioaktivitdt der Erdsubstanz und ihre 
mo g lie he Beziehung zur Erdwiirnte.'^ 

The paper opens with r^sum^ of the principal facts of radioactivity, the 
major part being naturally devoted to radium, its transformation products, 
their rate of decay, etc., though some space is devoted to thorium and 
actinium and to uranium as the probable parent-element of radium. The 

• Phil. Mag. London, S. 6, 13, No. 74, Feb, 1907, pp. 24S-238. 

2 Wiss. Beil. Jahresb. Herzogl. Gymn. Wolfenbiittel, 1907. No. 874, pp. 34. 
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rate of evolution of heat from radium is given as 134.4 gram-calories per 
hour per gram of metallic radium. The total evolution of heat from a gram 
of radium, on the assumption that its activity falls to half value in 1300 
years, would amount to 2,200,000 kilogram calories, if all of its radiation is 
absorbed and transformed into heat. (The references cited include those as 
recent as January, 1907.) 

The second part consists of a description of methods of experiment. 
The Elster and Geitel " universal apparatus " for the study of the existence 
and distribution of radioactive substances is described in detail, the princi- 
pal new feature being the position of the electroscope, which is placed 
above, rather than inside the ionization chamber. Directions are given for 
investigating the radioactivity of atmospheric air, of the air of caves, and 
of air drawn from the soil, its relation to the emanations of radium and 
thorium, the radioactivity of earths and rocks, etc. Strutt's method of 
determining the radioactivity of volcanic rocks is also given. The process 
of isolating radium bromide from the natural material in which radium 
occurs is described in considerable detail. 

In the third part the relation between radioactivity and the internal 
heat of the Earth is discussed. Since radium is constantly sending out 
radiations which on absorption develop heat, it is evident that even with a 
ver>' small content of radium per unit of volume of the substance, with a 
fixed surface temperature, any desired height of temperature can be reached 
at the center of the sphere if its radius is chosen great enough and sufficient 
time is allowed for a state of equilibrium to be reached. 

Supposing that the heat of the Earth is produced from this source, the 
weight of radium per cubic meter of its volume necessary to maintain a 
state of equilibrium can be computed, and it is found to be on the average 
about 1/4000 miligram. But actual experiment with the materials of the 
Earth's crust have shown values 800 times as great as this for ordinary soil, 
according to Elster and Geitel, while Strutt found for volcanic rocks values 
from seven to 100 times as great. Thus the heat of the Earth should be 
increasing if these figures are correct. But the rate of increase would be 
only 1° C. in over 670,000 years, or about 700,000,000 years for an increase of 
1000° C, and experiment could not demonstrate such a slow change. The 
supply of radium would have been almost completely transformed long 
before the lapse of a million years, unless, as is probable, it is constantly 
renewed from its parent substance uranium, whose activity falls to half 
value in about 350,000,000 years. 

But the greater the age that we assign to our pie net the more probable 
it seems that the maximum of temperature has been reached and passed* 
and geological facts seem to indicate a former higher temperature. 

Strutt supposes that the radium of the Earth is confined to the outer 
shell while the core is free from it, and computes the thickness of this 
radium containing crust necessary to produce the thermal equilibrium with 
the observed percentage of radium present, finding it to be about 108 km. 
The temperature thus produced in the interior is computed by Strutt to be 
1530° C. and hy the authors 1800°. This idea of a crust surrounding a core 
of different material has also been suggested by geophysicisls to account 
for the different velosities of earthquake waves for long and short distances. 
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Eve has made an indepenc^ent approximation of the radium in the 
Earth*s crust based on the intensity of the \ radiation as shown by the 
** normal '* or spontaneous ionization of air in a closed vessel, and obtains 
a value which falls between Strutt's extreme values obtained from direct 
examination of rocks. 

It is pointed out that we can hardly hope to get direct evidence of the 
presence of radium in the stars by spectroscopic means, but the presence of 
helium, a transformation product of radium, in the atmosphere of the Sun 
indicates that radium is probably present there. 

The paper gives a concise and up to date presentation of some of the 
most interesting problems of radioactivity, especially as related to the Earth 
and atmosphere in the authors' usual clear style. 
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STATUE OF CHRISTOPHER COLUMBUS IN GUATEMALA. 

Owing to the prominent part that was taken by Christopher Columims 
during his memorable voyages of discovery in spreading the knowledge 
of the fact that the magnetic needle does not '* point true to the pole," we 
take this opportunity of reproducing in this issue a photograph of the 
statue of Columbus in Guatemala City. The photograph was obtained 
by Mr, J. A. Fleming, while engaged in magnetic work in Central 
America under the auspices of the Department Terrestrial of the Carnegie 
Institution of Washington. — Ed. 
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ATMOSPHERIC ELECTRICITY OBSERVATIONS AT 

BATTLE HARBOR, LABRADOR, DURING THE 

SOLAR ECLIPSE OF AUGUST 30, 1905. 

By J. E. BuRBANK. Chief of Party. 

The eclipse party sent to Battle Harbor, Labrador, by the De- 
partment of Terrestrial Magnetism of the Carnegie Institution of 
Washington, in addition to observations of terrestrial magnetism 
embraced in its program such observations of atmospheric electric- 
ity as could be obtained without interfering with its principal work. 
The time available for this work being thus limited it was decided 
to observe only potential gradient and specific conductivity. These 
observations were entrusted to Messrs. Bowen and Homrighaus, 
members of the party, and it is greatly to their credit that so much 
was accomplished under the particularly diflScult and trying con- 
ditions encountered. 

Battle Harbor, the chief town on the Labrador Coast, has a 
permanent population of about 300 people scattered about on three 
islands. The principal part of the town is on Battle Island, which 
is about one-half mile wide from west to east and about one mile 
long. It is situated some six miles east of the mainland, and about 
thirty miles north of the upper entrance to the Straits of Belle Isle. 
It is in latitude 52° i6'.6 north, and longitude 55® 34'.6 west of 
Greenwich. The island is a mass of rock, covered in places with 
peat and devoid of any vegetation except grass and moss. Besides 
being exposed to storms and winds from the open sea, it is also in 
the course of the very violent and sudden storms which sweep up 
throught the Straits of Belle Isle; this makes it an interesting 
place for the study of atmospheric electricity. 

Battle Harbor is also in the belt of maximum polar light, and 
rarely does a night pass, even in summer, when some trace of this 
I 97 
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phenomenon is not visible, generally as a low arch in the north, 
but often in the form of streamers covering nearly the entire sky. 
An especially brilliant auroral display accompanied by a violent 
magnetic disturbance occurred about i A. m., August 30. No at- 
tempt was made to study the relation between the aurora and at- 
mospheric electricity. 

The observations were made on the highest part of Battle Island 
near its center, and about 200 yards northeast of the town. This 
part of the island consists of a perfectly level place about 30 yards 
square, and contains a small fresh-water pond. Its elevation is 
about 100 feet above sea level, and about 75 feet above the town. 
The wind, except when west or southwest, blows from off the sea. 

The weather conditions on days when observations were made 
may be summarized as follows : 

Weather Conditions at Battle Harbor, Labrador, 
August and September, 1905. 

August 23, strong south wind; hazy but clearing; 9:23 a. m., few 
clouds. 

August 24, 5:00 A. M., sun just rising; low clouds; light sea breeze 
from northeast ; light clouds all a. m., with sun occasionally breaking 
through. 

August 25, 8:50 A. M., thick fog; light breeze; 10:03 a. m., light rain 
begins; 10:28 A. m., rain stops; 11:04 A. M., fog rises; 11:37 a. m., fog 
becomes dense again. 

August 26, strong northwest wind ; cloudy but sun breaking through 
occasionally during forenoon. 

August 2"], northwest wind, clear; sun rises 5:00 a. m.; perfectly 
clear day. 

August 28, light northeast wind; dense fog; 9:14 a. m., sun comes 
out clear. 

August 29, severe rain storm; clearing late at night; brilliant 
aurora about midnight. 

August 30, light west wind ; sun rises behind a cloud ; sky nearly 
clear; 5:47 a. m., wind increasing; 6:34 A. m., clear bright sunshine 
few clouds; 7:39 a. m., clouds begin to cover the sun; 7:51 a. m., clouds 
cover entire sky; sun under clouds until about 11:00 A. m.; after 11:00 
A. M., sun comes out clear and remains so until nearly sunset. 

September i, moderate north wind; thick low clouds over entire 
sky. 

September 2, light north breeze ; thick clouds near horizon ; thin 
clouds overhead; 10:19 a. m., light rain; 10:33 A. M., rain stops 
10:52 A. M., sun clear until noon ; 4:47 p. m., increasing cloudiness ; 
5:42 p. M., heavy clouds in west. 
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September 3, 5:40 A. m., sun behind thick cloud ; sky nearly clear ; 
6:45 A. M. to 8:00 A. M., thin haze over sky. 

September 4. light haze and few clouds throughout forenoon ; 2:24 
p. M.; sun behind thick clouds; 2:45 p. m., sun clear; 3:50 p. m., only 
few thin clouds; sky nearly clear until sun set at 6:40 p. m. 

September 5, clear all afternoon ; sun set at 6:38 p. m. 

September 12, stiff southwest wind at 1:41 p. m.; cloudy and foggy 
out at sea ; light haze all p. m. 

Of the above days August 27 and September 5 may be considered 
normal days. August 30th may be considered a normal day except for 
the cloudiness accompanying and following the eclipse. 

Potential Gradient. 

The potential observations were made with an ordinary porta- 
ble Exuer electroscope, which has leaves of aluminum foil. A 
copper rod coated with a deposit of radio-tellurium (polonium 
rod) was used as collector. This was mounted on the insulating 
cane in a special metallic holder in place of the flame collector, 
ordinarily used. The a rays emitted by the polonium ionize the 
air and render it highly conducting, so that the rod quickly reaches 
and follows the potential of the air surrounding it. This polonium 
rod had been previously tested and found to give satisfactory 
results. It was connected to the electroscope by a copper wire 
about 20 feet long, and always placed so that the wind blew at 
right angles to this wire, in order that none of the air ionized by 
the radio-tellurium would be brought near the electroscope. 

For each series of measurements the distance from the ground 
to the polonium rod was measured and the observations reduced to 
volts per meter. Some difficulty was experienced by the conden- 
sation of moisture on the insulating cane. On August 25 the 
leaves of the Exner electroscope were injured, and from that date 
the electroscope of the Ebert ioncounter was used in its place, 
connection being made to the inner electrode. On September 4 one 
of the aluminum leaves became slightly injured and its scale was 
recalibrated on September 7. The electroscope used for poten- 
tial always had its outer case grounded by a wire reaching down 
into moist earth. The scales of both the Exner electroscope and 
the Ebert ioncounter were calibrated by the writer at the United 
States Bureau of Standards on Jnly 25, 1905. 

During the periods of observation the readings were taken at 
one minute intervals. On account of inclement weather and 
duties in connection with the other work of the Expedition it was 
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not possible to obtain 
sufficient observations 
to deduce a diurnal 
curve. 

A mean curve has» 
however, been plotted 
(see figure, upper 
curve, in which circles 
represent the means 
of five mean readings 
at minute intervals) 
from the values ob- 
tained on August 24 
and 27, and Septem- 
ber 3 and 4 for the 
hours 6 to II A. M., 
local mean time. All 
of these days were 
nearly normal for the 
hours considered. 
The observ^ations on 
September 3 and 4 to- 
gether covered the 
period mentioned, so 
that the curve really 
amounts to a mean for 
three days. It appears 
from this curve that 
there is a slight tend- 
ency of the potential 
to rise from morning 
toward noon. The or- 
dinates represent volts 
per meter. 

The lower curve of 
the figure shows the 
observations of Au- 
gust 30, each point 
plotted being the 
mean of six readings 
taken, in general, at 
intervals of one m?1i- 
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ute. The potential oscillated about a mean value of 80 volts per 
meter until about 8:20 A. m., some 10 minutes after maximum 
obscuration, when it fell rapidly to a minimum value of 23 volts 
at 8:32 A. M. It then rapidly rose to about 70 volts at 8:40 a. m., 
and continued to rise from that point to about 140 volts per meter 
at 11:40 A. M. The morning was clear, and, except for the cloudi- 
ness during and after the eclipse, the day might be called normal. 
An examination of the curve will show that the potential was 
steadily rising throughout the cloudy period, 7:40 A. m. to 11:00 
A. M., except for the depressions at about 8:30. Relative humidity 
observations, taken with a sling psychrometer, show a decrease 
of relative humidity during the eclipse period and the subsequent 
cloudiness. 

In view of the fact that the cloudiness was no greater at 8:30 
A. M. than during the period 9:00 A. m. to 10:00 a. m., while the 
relative humidity was also decreasing, it is difficult to understand 
why the sudden temporary decrease in potential should be as- 
scribed to the cloudiness. It would, however, be unsafe to draw 
any definite conclusions. 

Specific Conductivity. 

The specific electric conductivity of the air was measured in 
absolute electrostatic units by means of a form of instrument de- 
vised by Dr. H. Gerdien, of the Geophysical Institute Gottingen, 
Germany. The theory of this method is given in the journal 
** Terrestrial Magnetism and Atmospheric Electricity,** June 1905.' 
The instrument is somewhat similar in principle to Ebert's ion- 
counter. It is, however, not designed to measure all the ions 
which enter, but only a fraction of them, this fraction remaining 
constant within a wide range of velocities of the entering air cur- 
rent. Experiment shows that this theoretical condition is ful- 
filled. 

The principal portion of the instrument consists of a cylindrical 
condenser, the outer part of which is 16 centimeters in diameter 
and about 55 centimeters long. A current of air is drawn through 
the apparatus by means of a fan wheel mounted in its rear part, 
and driven by a hand gear. The inner cylinder consists of a thin 
brass tube 1.4 centimeters in diameter and 24 centimeters long with 
hemispherical ends connecting, through a suitable side tube in the 

1 Gerdien, H., Die absolute Messung der specifischen Leitfahigkei und der Dichte 
des verticalen Leitungsstrotnes in der Atmosphare. Terr. Mag., Washington, D. C, 
V. X. No. 2, June, 1905, pp. 65-So. 
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outer cylinder, with the leafholder of an Exner electroscope. The 
fan is driven by hand at a uniform speed of about i6 revolutions 
per second. A wire screen of fine mesh directly in front of the 
fan wheel serves to produce a fairly uniform velocity of air current 
over the entire cross section of the apparatus. 

Inasmuch as the results do not depend on the velocity of the air 
currents, the eflfect of the wind could be neglected and the instru- 
ment was always pointed toward the wind during observations. 
Great care was taken not to get in front of the apparatus and thereby 
contaminate the air before it entered. Observations were always 
made on the windward sice of the potential apparatus and at least 
30 feet from it in order to avoid the effects of the air ionized by the 
radio-tellurium. The instrument was generally mounted on a small 
wooden stand about two feet high near the southeast corner of the 
level place above described. Some of the observations were made 
with the instrument resting on the ground. A special series of 
comparisons indicated no difference between the observations on 
the table and on the ground. 

An observation is made as follows : The inner cylinder is given a 
positive charge and its potential observed by reading the divergence 
of the electroscope leaves, the fan is then revolved for 5 minutes 
and the potential of the inner cylinder again observed. From the 
fall in potential and the known constants of the instrument, the 
specific conductivity of the air for positive electricity can be com- 
puted. In a similar way when the inner cylinder is charged nega- 
tively the specific conductivity of the air for negative electricity is 
determined. 

If € is the ionic charge, v the mean value of the specific veloc- 
ities of the ions in centimeters per second in an electric field having 
a potential gradient of one volt per centimeter, n the number of 
ions per cubic centimeter, and A the total conductivity, then A = 
A^ 1 ^j. where A is the conductivity of the air for a positive 

charge of electricity, and is produced by the negative ions present. 
Hence, A = c w v and ^a = * ^a ^a • (The subscripts 

p and 71 refer to positive and negative electricities respectively.) 

The computation formula then becomes: 

V^ r 

log (nat) ^X riog (nat.)-A 

\ zz=z t n V ^= P ' 



n n n 



Tiwl 
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in which V' and F". are the initial and final potentials of the in- 
ner cylinder for a positive charge. For the instrument used C the 
capacity of the apparatus in electrostatic units, is 12.9; r , the in- 
side radius of the outer cylinder, is 8.0 centimeters; r. , the outside 

radius of the inner cylinder, is 0.71 centimeters /, the length of the 
inner cylinder, is 24.0 centimeters, and T, the time in seconds is 
300 seconds. 

Since all of the above, except ^p / ^^'p and T are constant 
quantities, we have 

A« = €n^ 11^ = log (nat.)-pAx y, = 0.208 log (nat.) p# X -y 

If T is 300 seconds: X« = K' log-pTr , and 

^ P 

^p = K log -rryr- 
n 
in both of which A"' = 1.6 X lo"^ . 

The scale of the electroscope was calibrated at the United States 
Bureau of Standards on July 25, 1905. 

From simultaneous values of the conductivity and the potential 
gradient, the vertical currents are computed in amperes per square 
centimeter, as observed at the surface of the Earth on the assump- 
tion that the Earth's surface is the plane of zero potential. The 
currents are composed of a stream of positive ions, moving to- 
ward the Earth's surface, and a similar stream of negative ions 
moving away from the Earth's surface. 

Owing to the limited number of the observations it is not pos- 
sible to obtain any idea of the diurnal range of the vertical cur- 
rents. The values obtained, however, show a high conductivity 
of the air and a correspondingly large vertical current. The 
values of the vertical current, in electro- magnetic units, range from 
about 2.7 X 10-'^ amperes per square centimeter to 12.0 X 10-*^ 
amperes per square centimeter. 

The results clearly show the greater conductivity of the air 
for negative electricity. The observations of August 30 present 
an interesting feature in that the conductivity of the air was 
practically the same for both positive and negative electricities 
at the beginning and end of the observations, and while the 
conductivity for negative electricity remained nearly constant 
throughout the entire period, that for positive electricity decreased 
appreciably during the latter part of the eclipse period, and then 
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rose slowly until noon, when it reached a value equal to that for 
negative. 

Inasmuch as the conductivity for positive electricity is meas- 
ured by the product of the number and mean velocity of the 
negative ions present in the atmosphere, while that for negative 
electricity is measured in a similar way by the number and velocity 
of the positive ions, an inspection of the results for August 30, 
when plotted shows that the product of the number and velocity 
of the positive ions of the air remained fairly constant during the 
entire period of observation, while the corresponding quantity for 
the negative ions decreased appreciably during the latter part of 
the eclipse, and did not recover its normal value until nearly noon. 

It is generally accepted that the condensation of moisture 
decreases the velocity of the negative ions to a greater degree than 
it does that of the positive ions. The efifect of » moisture is prac- 
tically the same on the conductivity of both positive and negative 
electricity. (See also observations at sea.*) Inasmuch as the 
observations of relative humidity show a decrease during the 
eclipse period it is difficult to explain the observation of August 
30 on the ground of a decrease in the mean velocity of the 
negative ions. 

Observations of conductivity were made under various conditions 
of weather, during fogs and rain, to determine their effect, if any. 
Some of the results show both kinds of ions to be similarly 
affected, and others that the two kinds of ions are not affected to 
an equal extent. Some observations near the surf were made in 
order to compare the relative conductivities for positive and nega- 
tive electricity near the water, where considerable spray was 
present in the air, with the values at the usual place of obser- 
vation. Observations were made on September 4 and 5 for 
the purpose of studying the effect of sunset on the conductivity. 
No definite results were obtained. The results indicate very 
plainly the different values of the conductivity on different days. 

In view of the uncertainty regarding the conditions of atmos- 
pheric electricity in the immediate neighborhood of the ground, it 
is not thought advisable to place much dependence on the absolute 
values of the vertical currents. The results indicate that these 
currents vary greatly from day to day, as also from time to time 
during the same day. The curve for August 30 shows a marked 
depression immediately after maximum obscuration; the exact 
significance of this decrease is not clear. 

^Burbank, J. E.: Specific Electrical Conductivity of Air at Sea. Terr. Mag., 
Washington, D. C, v. X., Sept., 1905, pp. 128-129. 
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SCIENTIFIC RESULTS OF THE ZIEGLER POLAR ^ 
EXPEDITION OF 1903 TO 1905. 

By J. A. Fleming. 

[Abstract.] 

The scope of the scientific work of the Ziegler Polar Expedition 
during the years 1903 to 1905, may be summarized by the follow- 
ing section headings of the results reported in the volume' recently 
issued : 

A — Magnetic Observations and Reductions; 

B — Notes and sketches of the Aurorse Borealis ; 

C — Meteorological Observations and Compilations; 

D — Tidal Observations and Reductions; 

E — Astronomic Observations and Reductions, and 

F — Map Construction and Survey Work. 

Many other lines of desirable research were contemplated, but 
the scant time available for preparation and securing of instruments, 
and the small scientific stafi" (five members) limited the field 
covered. The execution of the great amount of detail work is 
ample indication of the hearty and persistent cooperation of the 
members of the field party, all of whom had to perform various 
duties outside of their scientific tasks. In this abstract the results 
will be taken up in the order noted above, giving greatest detail to 
observations of terrestrial magnetism, in which subject the readers 
of this Journal will probably be most interested. 

Magnetic Observations. 
The instrumental outfit was limited to a sine magnetometer and 
a Casella dip circle loaned by the United States Coast and Geodetic 
Survey. The methods of reduction followed are those used in that 
Bureau, the constants and corrections to standards having been 
determined at the Cheltenham ( Maryland ) Magnetic Observatory 
before the departure and after the return of the Expedition. 

> The Ziegler Polar Expediion, 1903-1905. Anthony Fiala, Commander. Scien- 
tific results obtained under the direction of William J. Peters, representative of 
the National Geogrraphic Society, in charge of scientific work. Edited by John A. 
Fleming. Published under the auspices of the National Geographic Society by the 
Estate of William Ziegler. Washington, D. C, 1907, 4to., pp. VIII, + 6.V) with 43 
inserts and 3 maps. 
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The principal observations were made at Camp Abruzzi, Teplitz 
Bay, Rudolph Island, Franz Josef Archipelago, during the period 
September 28, 1903, to July i, 1904. The magnetic station occupied 
by the Italian Expedition at this point was examined with a view 
to reoccupying it; it could not at the time be accurately identified as 
it is on the ice-foot, subject to overflow during summer thaws and 
to possible movement. Under the circumstances it seemed advis- 
able to select another location which could be more conveniently 
recovered in the future. Six or seven points were examined. All 
of these, which were fairly well distributed over the small area free 
from ice, gave indications of local magnetic attraction, varying from 
40' to 2°. The exposed surface is basalt and contains considerable 
disseminated magnetite in minute grains. The point finally selected 
was the one which appeared to be the least affected and at the same 
time reasonably free from the destructive effect of ice. It is on the 
shore of Teplitz Bay about 2 meters above sea level and 6 meters 
from the water edge. 

A frame observing house was erected 4.56 meters long, 1.82 
meters wide, 1.82 meters to the eaves, and 2.45 meters to the ridge. 
Its length is parallel to the magnetic prime vertical and allows a 
distance of 2.1 meters between the magnetometer and dip circle 
piers. The building was made absolutely non-magnetic. The only 
iron near by was the adjusting pin used to reduce the amplitude of 
the oscillations after the magnet was disturbed; during readings 
this pin was placed well out of range. The piers are of pine. 35 
centimeters in diameter. That for the magnetometer is 2.3 meters 
long and is sunk 0.8 meter in coarse, frozen gravel, leaving 1.25 meter 
above the floor. The pier for the dip circle is 2.15 meters long, is 
0.8 meter under the surface, and i.io meter above the floor. These 
piers are marked M and D respectively. 

The magnetometer was mounted on the pier M, As it was left 
mounted and undisturbed after each day's observations, the various 
pointings on the azimuth mark taken from time to time should 
presumably have g^ven the same circle readings. Very soon after 
the beginning of the winter's work it was noticed that these read- 
ings began to vary. The striding level, as well as the stationary 
level, was carefully examined at each pointing of the mark. When 
the circle readings were about their maximum and minimum the 
telescope was reversed in its Y's without disclosing any appreciable 
coUimation error. Readings were taken when the temperature of 
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the hut, practically the same as the outside, had reached its lowest 
point, to see if any of the effect was due to the passage of the line 
of sight from the warmer air of the hut to the colder air outside. 
That these changes in the circle reading cannot be ascribed to any 
motion of translation of the pier or the azimuth mark is evidenced 
by the small range in the azimuth determinations made at various 
times and the fact that the reading^ after reaching a maximum 
returned to near the same minimum. The variation appears to be 
a function of the temperature as is shown graphically by the close 
agreement between the changes of temperature and the changes of 
twist. 

The plan for the declination work suited to the conditions to be 
encountered and for the available instrumental outfit was devised by 
Dr. L. A. Bauer, while in charge of the Division of Terrestrial 
Magnetism of the United States Coast and Geodetic Survey. Dr. 
Bauer further suggested the general scheme of reduction for the 
magnetic work. With a view to obtain a closed series every week, 
the observations were made at intervals of two minutes extending 
over four hours, these periods being selected daily in succession 
according to the following detailed program : 



DAY OF WBBK 


OBSERVATIONS 


Duration 


Magnet 




From 


To 


scale 


Monday. 
Tuesday. 
Wednesday, 
Thursday, . 
Friday. 
Sunday. 
Sunday. 
Monday. 
Tuesday. 
Wednesday. 
Thursday, . 
etc. 




/ 
S 

12 ^ 


16 
20 



4 

8 
12 


16 


noon) 
noon/ 

!tC. 




h 
12 noon) 

16 . 

24 (midnight: . 

20 . 

24 (midnight) 
4 . . . . 
s , 

12 noon 

16 . 

24 (niidnightl 
1 20 . 
1 etc. 


24 

34 
etc. 


Erect 
Inverted 
Erect 
Inverted 
Erect 
Inverted 
Erect 
Inverted 
Erect 
Inverted 
Erect 
etc 



The individual two-minute observations with all the accessory 
readings necessary for the complete computation of the declinations 
are given in full on pages 20 to 274. In the computations careful 
account is taken of change in torsion over period of observation, as 
also for the twist of pier above referred to. Some idea of the great 
amount of detail work may be obtained from the fact that at Teplitz 
Bay alone almost 50,000 determinations of declination were made. 

In deducing from these observations empirical formulae to ex- 
press the diurnal variation in magnetic declination all of the 
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observed values without the elimination of any as so-called ** dis- 
turbances " have been used, the means of the thirty determinations 
during each hour being taken as the half-hourly values. The 
scheme of work carried out as per program above was such that 
there wa? obtained for each week the equivalent of two days' con- 
tinuous observation. In order to have the mean values correspond 
strictly to the mean epoch of the period under discussion, the series 
was divided into intervals of four weeks each. Thus there was for 
each period, with few exceptions, eight mean values for every hour, 
each resulting from thirty observations. The means of these means 
have been taken as the hourly values applying to the mean epoch 
of the period in question. 

Unfortunately the observations at Teplitz Bay cover only nine 
months of the year. In order to arrive at an approximation of the 
diurnal variation in magnetic declination for the missing months, 
values have been interpolated, by formulae based on Bessel's periodic 
function, dependent upon all of the observations made. The hourly 
means of all the mean observed hourly values were obtained for all 
of the observations in each calendar month and these considered as 
representing the mean course of the declination for that month. 

The analytical expressions representing the diurnal variation in 
magnetic declination for the four- week periods from October 4, 1903, 
to July I, 1904, and for the interpolated months of July, August, 
and September have been deduced from Bessel's periodic function. 
This function is represented in the general case by the following 
formula : 
Z? = ^ + i9,sin(^ + Ci) + i9,sin(2^+C,)-f-^,(3^+C,)-f ^,(4^-tC,) 

The phase angles and amplitudes have been developed in 
accordance with this general fomula, the computed and observed 
results being compared, for each of the four-week periods as also 
for the three interpolated months. Full page diagrams of the 
computed and observed diurnal ranges are inserted opposite the 
tabulations of each period. The probable error of a single represen- 
tation of any of the formulae in no case exceeds i' and is in general 
of the order %'. The functions deduced for the period of observa- 
tion and for the year (data completed by interpolation from entire 
series) are as follows: 

For whole observational series, October 4, 1903, to July i, 1904: 
D^ 22° 42.'o-f 20.'52 sin (^+357° 14') +7/69 sin (2^+294*^ 
16') + i.'5osin(3^+i77°59') + i/5i sin (4<? + 47° sA 
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For the year, July i, 1903,10 June 30, 1904, from monthly group- 
ing of observations and interpolations therefrom : 

Z? = 22^ 38/5+21/11 sin (^ + 354° 18') +6/90 sin (2^+291° 
26') + 1/75 sin (3^ + 156^ 48')+i.62' sin (4^ ^58^ 51'). 

In these expressions the angle ^ counts from 15° as 0.5 hour a. 
M. local mean time. The formulae have been carried to terms of 
the fourth order only, as little or no improvement results from the 
further extension of the function. 

The characteristic features of the total diurnal variation in 
magnetic declination at Teplitz Bay for the various periods dis- 
cussed are summarized in the tabulation following. In this sum- 
mary a plus sign denotes a departure to the east of the mean value, 
while a negative sign denotes a departure to the west of the mean 
value. The epochs of mean declination are designated I and II, the 
former being the passage of mean in course of westward move- 
ment, and the latter in course of eastward movement of the needle. 



Period 





Principal phase 


1 








H 


Maximum 


Minimum 


1 

a 


LILT. 


Am't 


LILT. 


Am't 


h 


1 


h 


/ 


/ 


5.8 


+44.3 


19.6 


—34.1 


78.4 


6.0 


+340 


19.9 


-268 


60.8 


6.1 


+25.1 


20.2 


—19.4 


445 


V6 


-f20.8 


21. 1 


—137 


fri 


4.2 


+39.2 


21.0 


-186 


6.2 


4-21.9 


198 


-13-3 
—10.8 


35-2 


56 


4-24.0 


180 


348 


52 


4-I8.I 


182 


—11.3 


294 


7-.^ 


-I-I40 


21.8 


- 9 9 


239 


56 


+41.4 


20.2 


-23.0 


64.4 


5-5 


+37-4 


21.4 


—23.1 


60.5 


50 +43.1 


21.1 


—25 I 


68.2 


5.4 +54.2 


19.8 


-471 


101.3 


5.7 +39-2 


20.1 


—27.5 


66.7 


5.4 +21.2 


20.9 


-12.6 


.\3.8 


5.6 


-f30.4 


204 


-19.8 


50.2 



Secondary phase 



X Maximum 



LM.T. 



Minimum 



L.M.T. 



Epochs 
of mean 
declina- 
tion. 



1903 IQ04 

July interpellated) 

Au^st interpolated), . . . 
September (interpolated;, . . 
October 4 to October 30, . . . 
November 1 to November 28,. 
November 29 to December 26. 
December 27 to January 23, . 
January 24 to February 20, 
February 21 to March 19, , . . 

March 30 to April 16, 

April 17 to May 14 

May IS to June II, 

June 12 to July I 

Summer mean — Oct. to Mar., 
Winter mean— April to Sept., 
Mean of year, 



16.8 
>7-4 
17.0 
16.4 
14.2 

14-3 
18.7 
>7-7 
18.6 
20.0 



16.7 



-8.7 

:il 

- 5-4 

- 2.7 

- 2.0 

- 2.2 
-19.1 
-157 
-245 



14.3 
138 
13.5 
12.5 
ii.o 
II. o 

15 I 
155 
16.0 

1J.3 



-11.8 
-II. 1 
-16.3 
-10 I 
->3-3 
-130 
-91 
-21.2 
-21 2 
-26.8 



3« 
7-2 
12.5 
4.7 
10.6 
11.0 
6.9 
2.1 
5-5 
2-3 



1.8 



A 

13.8 

12.0 

II.O 

9.6 

8.8 
89 

I 10. 1 

1 9 9 
129 
' 12.8 
I 11.6 
9.2 
I 10.2 



A 

1-5 
1.3 
0.3 

0.6 
33.9 

23!8 
0.1 
0.0 
0.7 
0.9 
1.3 

1.3 
23.8 

O^ 

* For these intervals the secondary phases, while indicated, have their crests no longer definitely marked. 

Prom the above it at once appears that the principal maximum 
and minimum of east declination occur at earlier and later times 
respectively than for stations in lower latitudes. The morning ex- 
treme is reached almost always between 5 and 6 o'clock. The after- 
noon extreme varies between 6 and 10 o'clock without any very 
systematic cycle dependent upon the chronological order of the 
periods; in the half-yearly means, however, it is earlier for the 
winter season than for the summer season by about one hour. The 
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increase in diurnal range from winter to summer is quite pro- 
nounced. In the half-yearly means this difference in range is quite 
clearly shown by the curves of the diagram, in which the October 
to March mean is indicated by the dotted line and the April to 
September mean by the broken line. 
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DIURNAL VARIATION IN MAGNETIC DKCLINATION AT TKPLITZ B^Y FOR THE YEAR JULY, lijoj. TO 
JUNE. 1904. SHOWING THE SUMMER AND WINTER RANGES. 

( Mean observed values shown by circles ioined by broken line ; mean winter values shown by vertical cnmti 
mean summer values shown by inclined crosses ; the respective computed values shown by continuous cnrrer 

In general the curves show also a secondary maximum and 
minimum between the two principal extremes of day ; in several 
cases the minimum of this second wave exceeds the principal west- 
em deviation in amount. It is noted that this secondary' wave is 
very prominent in the winter season; with the approach of the 
summer months it becomes less and less pronounced until in mid- 
summer, though still recognizable, the critical points are no longer 
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definitely marked. In general the time interval between the min- 
imum and maximum of this wave is about two and one-half hours; 
it is, as a whole, earl'est in midwinter, with its center at about one- 
half hour past noon, from which time, with the advancing season, 
it is carried forward with diminishing range until the disappear- 
ance of the crests, when its center is at about 5 p. m. to 6 p. m. 
By reason of this transposition as a whole the eflfect is practically 
eliminated in the year's mean and very greatly smoothed out in the 
winter's mean. These secondary extremes are much more pro- 
nounced and of greater yearly range, though practically of the 
same period as for the same feature when noted at stations in lower 
latitudes; it is, however, superimposed on the mean curve later in 
the day. Thus for the Girard College observations at Philadelphia, 
Bache^ found the extremes of a similar effect for the winter at 9.7 
hours and 13.2 hours, and for the summer at 10.2 hours and 13.2- 
hours, the seasonal ranges being respectively o.'yi and 0/15. 

The change of the epochs of mean declination with the season 
is very marked and, in general, very regular, being earliest in 
winter at 9 hours and 23 hours and latest in summer at 13 hours 
and 1.5 hour local time. In the half-yearly means the epoch I is 
later in summer than in winter by 2.4 hours, and epoch II by 1.4 
hours. On the average for the year epoch I is at 10.2 hours A. M.,^ 
a time agreeing well with that for the same event at stations widely 
distributed over the Earth. 

In order to make a proper comparison of the total solar-diurnal 
variation in magnetic declination for the mean year at Teplitz Bay 
with the corresponding phenomenon for stations elsewhere on the 
Earth, particularly in the Arctic Regions, a compilation of the mean 
hourly variations on the mean of year was prepared for some 
twenty-four additional locations. In all cases where the published 
records were immediately available the observed means have 
been taken without elimination of the so-called ** disturbances *' in 
order that the results should be strictly intercomparable. When, 
as is the case for many of the stations, the mean observed quanti- 
ties do not apply to the local mean hours, the values were plotted 
to scale and the hourly values taken from the smooth curves drawn 
through the points plotted. The departures from mean as shown 

1 Discussion of the magnetic and meteorological observations made at the Girard 
College Observatory, Philadelphia, in 1840, 1841, 1842, 1843, 1844, and 1845, by A. D. 
Bache. Part II. Smithsonian Contributions to Knowledge. Washington, June, 1862. 
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in the tabulation are all referred to the north-seeking end of the 
needle, a plus sign indicating a movement to the east and a minus 
sign a movement to the west of the mean position. The iwrords 
** maximum*' and ** minimum" are used in the sense of eastern 
and western elongations respectively. The stations are arranged 
in the decreasing order of northerly magnetic inclination for the 
purpose of bringing out clearly the relation between magnetic dip 
and range of the diurnal variation in declination. The geographi- 
cal positions, the mean dips over the periods of observation, as also 
the approximate corresponding mean sun-spot frequencies accord- 
ing to Dr. Wolf and Professor Wolfer,* are as follows : 



a. 



STATION. 



n 



Port Conger, Grinnell ' ' 
Land 8i 44 

Kingua Pjord, Cumber- 
land Sound 66 36 

TepliU Bay, Rudolph Is- 
land 81 47 

Ssanstyr, Siberia, . . . |73 ij 

Fort Rae, Great Slave 



Lake. Canada, .... 
Ooglaamie, Alaska, . . . 
Cape Thordaen, Spitz- 

bergen, 

an Mayen Island, . . . 
Larmakul Bay. Novaia 



62 39 
71 iH 

78 28 
71 00 



Zemlia, 7^ ^5 

Bossekop, Norway, . . . I69 5S 

Sitka. Alaska 57 03 

Toronto. Canada 43 39 

Sodanklft. Finland . . 67 24 
Hknterinburg. Siberia, . ;56 49 
De Bill, Netherlands. . . 52 06 
Los Angeles, United I 

States, 34 03 

Kev West. United SUtes.j 24 33 



/i-ka-wei. China, 

Col&ba. India 

St. Helena Island.. . . . 
Buitenzorg, Java . . . . 
South Georgian Island, 
Cape of Good Hope, 

Africa 

Mauritius Island, . . . 
Hobarton. Tasmania. . 



31 12 
18 M 
15 57 
6 II 
54 3« 

33 56 
20 06 
42 .S2 



?8S 

SOS. 



'J 



00 



295 16 S5 01 N 
292 41 83 51 N 



57 59 
126 36 

244 46! 
203 20' 

I 
»5 42 

351 32 

52 42| 

23 15 

224 40 

2S0 Tfi. 
26 3*5 

60 38, 

5 »i' 

241 451 
278 12' 
121 36 
72 49i 
354 20 
106 50 
324 00| 

iS 29 

57 XV 

147 2S 



83 12 N 

8309N 

S254N 

81 24 N 

8027N 
7900 N 

7843N 
7626N 
75 55 N 
75 »5 N 

7448N 
7039N 
6651N 

5930N 
54 32 N 
45 42 N 
21 30 N 
21 59 S 
30 33 S 
4858 s 

5321 S 

54 5> S 

7036 S 



8006N 

7750N 

7635N 
Jt 29N 

7601N 
7310N 

71 24N 
6845N 

68 15 N 

64 14 ^^ 

63 2IN 
62 14 N 
61 2qN 

5455N 
4928N 

40 20 N 
3504N 
2708N 
n 09N 
u 25 S 
1627 S 

295.^ S 

33 54 S 
.^23 S 
54 5' S 



OBSERVATIONS. 



25=- 
'^ » ^ 

^15 



Aug.. 1882, to July. 1883. . 

Oct.. 1882, to Sept . 1883, . 

Oct., 1903. to June. 1904. . 
Jan., 1883, to Dec. 1883, . 

Oct.. 1882, to Sept., 1883, . 
Sept.. 1882, to Aug.. 18S3. . 

Sept., 18S2, to Aug., 1883, 
Sept., 1882, to July, 1883, . 

Oct.. 1882. to Aug., 1883, . 
Aug., 1882, to July, 1S83, . 
Irregular series, 1848 to 1862, 
July, 1842, to June, 1848, . 
Sept., 18S2. to Aug.. 1883. . 
Jan.. 1893. to Dec., 1893, . 
Jan., 1903, to Dec.. 1903. . 

Oct., 1882, to Oct.. 1S89. . . 
March, i860, to March, 1866, 
Jan.,1901. to Dec, 1901, 
Jan., 1901, to Dec, 1901. . 
;>ept., 1842, to Aug., 1847. . 
Jan.. 1904. to Dec, 1904. . 
Sept.. 1882, to Aug., 1883, . 

April, 1841, to June. 1846, 
Jan.. 1883, to Dec, 1883. . 
Jan., 1841. to Sept.. 1848, . 



59 
60 



64 



60 

60 



60 

59 
60 

5f 
60 

8^ 

!6o: 

36 
57 



.g 



29 
49 



1 As collected and plotted by Mr. W. Bllis in his paper on the relation between 
diurnal range of magnetic declination and horizontal force and solar spots (Proceed- 
ings of the Royal Society. Volume 63, pp. 64-78). The values after 1896 are exter- 
polations based on Mr. Ellis' cur\'es : these are indicated by enclosure in parentheses. 
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Tabulation of the mean yearly total solar-diurnal variation in magnetic 
declination at various stations. 

[Kastern deflection of north-seeking end from mean is indicated by a phis sifirn ; western deflection by a 
tninus »ifn.] 
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— l/.O 
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-h 1.8 


4- 70 
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4- 5-1 
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-i-36.2 +15S -f 9.8 


+ 0.7 


- 6.6 


— 3-3 


4- 6.2 


-hio.7 
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4- 1.0 4- 0.5 


-1- 4-« 


3 


-t-33-2 1 -1-1 S.o 4.17. 1 
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-h 0.8 


-f 3 9 
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+ »5-4 


4-22.2 


4-15-0 1 -f- 7 4 + 6-0 1 
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+ 132 
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4- 4.9 4- 31 
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-1-26.3 


4-17-0 
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-fio.8 1 f 7.7 
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+ 1.3 1 +16.8 


+ 20.1 1 -f 11.4 


-t- 3-0 


4- 1-3 +- 0.7 


4- 5-3 4- 30 


4- 1-6 


lo 


-232 


4-3-7 f t.i 
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4- 6.9 


f 2.0 
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4- 3-0 1 4- 0.8 


4- 0.7 
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— I.O 
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-f 0.6 1 — 2.0 


— 17 
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—43- 1 


— 9.0 ' — 4.9 


— 41 


— 0.9 
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4- 2.0 


— 23 


— 4-3 j — 5-2 


— 2.1 — 4.2 
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13 


—SI. I 


—15. 1 1 — 6.5! - 5.3 


— 4.0 


- 7-4 


— 0.5 ; — 4-3 


— 7.3 ' — 6.8 


— 3-2 — 50 


- 5-^ 


U 


-50.S 


—21.2 


— 9 <^ — 5-9 


— 8.1 


-7.6 


— 6.2 — 6.0 — 9.9 — 7.6 


-4.2 -4-S 


-6-5 


»5 


—46.1 


—20.4 


—11.9 


— 5-9 


— 10.6 


— 7.9 


— 9.9 ' — 7.0 -11.5 1 — 7.9 


— 4-^ - 3-8 


-6.4 


i6 


-34 2 


—20.6 


—12.9 


— 53 


-n-3 


-9.6 


—12.1 , — 8.2 I —11.4 1 — 7-6 


— 4.6 — 2.5 


— 5 4 


17 


— 19.9 


-23.6 


-14.0 


- 3-7 


—12. 1 


— 9.9 


-14.3 1 —10.4 1 —10.8 1 — 7.4 


— 2.8 — 1.3 


- 4.8 


i8 


— 4.1 


—19.4 


—15-7 


— 2.4 


-12.9 


— 9-7 


—16.5 — 13 » 1 — 9 5 — 6.0 


— 32 —0.3 


— 3-f> 


19 


-r 31 


-16.1 


-17.8 


— I.y 


—12.5 


— 8.0 


— 18.3 — 14.2 1—8.0 — 6.6 


— 2.4 -f 0.2 


— 2.8 


» 


+ 130 


—15.5 ' —19.6 


— 2.3, — II.O 


— 6.1 


—19.8 - 13.4 ' — 6.0 — 5.3 


- 1.4 : 4- 0.7 


— I.S 


2\ 


-f-190 


— 8.S 


—19.1 


— 5.0 1 —12.0 


-8.7 


— 19.4 — 10.1 ] — 3.2 — 1.6 


— O.H 4-12 


4- 1.0 


22 


^27.3 


— 0.6 


—15.6 1 — 7.3 


—11.9 


—105 


— 15.4 , — 5.3 ' -*- 1.0 -f 0.1 


— 0.4 1 4- 1.3 ' + i-o 


n 


-35-3 


-r 3-9 


— 10.2 ' — 9.1 


—11.9 


-8.9 


— lo.o 1 — 1.5 4- 6.0 4- 5-3 


— 6 -f 1.2 ' 4- 2..S 


24 


-35-9 


- 9.2 


-3.6 


— 9-5 
5.5 H* 


— 12.0 


-'3-7 


— 3-9 4- 4-0 4- 9 9 


4- 7 3 
2.7 H 


— 0.6 4- 0.8 


4- 4-2 


K 1 <^L. M T. . 
^ 2 1 Amount. 


'••:H 


59 H 


S6H 


1 8.1 H 


73 H 


1 
4.8 H 43H 19H 


1 

8 2 H 7 8 H 


1.3 H 


^39''> 


4-20.'2 4-30-'5 j + i4-'3 +29-'5 


+27.'4 


4-25.'6 1^15 '6 4-i2.'8 4- 9 '9 


4- 6.'i -* 3 '9 


4- 5-'2 


•52 ♦^L. M T. . 
jj 1 J Amount. 


'3 4 H 


16.8 H 20.4 H 23.7 H*i 1S.3 H 


0.3 H 


19.4 h' 19.3 H 15.7 H^ 15 oH 


15.4 H 13 3 H 


14.4 H 


— 52.'o 


—23. '7 


—19/7 ;- 9-7 


— 13 


— 13-'9 


— 20.'o — 14.'3 — i2.'o 

1 


— K.'o 


— 4.'7 .— 5.'2 


— 6.'6 


Total observed 














1 




i 




range 


91. '0 

«5/3 


4 3- '9 
56-'7 


50.' 2 
50. 3 


24. '0 
46/1 


42.'5 

43'2 


4i.;3 
30. 


45.'6 29.'9 24.'8 
24/8 1 19 '2 i8.'4 


17/9 

>3-'3 


lo.'H 9.' I 

12 '5 10/9 


II. 'h 


Calculated range. 


11. 'i 


Summer range. S. 
Winter range, W. 

Ratio— 


ioo.'4 

Ho.'7 


45' I 
42.'7 

1.06 


66.'7 
\\ '8 


29.'o 

in '■' 




45/8 
3«.'4 

1. 19 
10.9 H 


54'7 33'« 30.'5 
36.'6 26.08 21. '4 

1.49 1 1.23 1.43 
II. 7 H 11.0 H 99 H 


20 '8 


il-'9 


13-;^ 

io.'9 

1-25 




IS '1 


6.'5 


1.24 

7-9 H 


C>0- ^' -71 

1-97 '-47 

i 
1 

10.2 H' 10.2 H 




1.38 


1.S3 


w 


I. . . 


11.2 H 


11.9H 


9.6 H 


II. 2 H, 10.; H 


1 10.3 H 


II. . . 


1^ 


5H 


22 2 H 


0.5 H 


1.9 H 


29 H 


2.4 H 


23 7 H 


23.1 H 


21.8 H 

1 


22.0 H 
1 


07 h1 18 i, H 

1 


■ 20.7 H 

1 



♦At this station a pronounced second maximum and minimum at 19.3 H and 14 6 H of — 1 'H and 
'o respectively. 
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Tabulaiion of the mean yearly total solar -diumal variatum in w%Mgnetic 
dtclinatian ai vatums statums. 

( Eactera deflection of nortta-«eekiiic end from mefta is indicated \>j a plus %\fu : western 
tion by s minu* nign.] 



r 



£1 

f5 



«3 

U 
IS 

17 
IH 



J3 
24 



1 o 

09 

l.o 

13 
19 

37 

2 b 
"5 
i o 



— 42 

— 51 

— 4.S 

— 36 

— 2.1 

— 0.9 

— o..; 

0.0 
+ 0.3 
-^ 0.5 
f 0.8 
+ 1.0 



5*1 
s ^ 






91 



n 

f 



4-09 00 0.0 

+ 3 s ' + 0.1 0.0 

+ 0.8 -^ 0.2 I + 0.1 

+ I o ' + 0.3 ' -f 0.2 
+ 1.5 I -♦- 0.6 
+ «-3 



-I- 0.4 
, + 1.0 



r 

N 

pr 

m 



+ 01 



I 



24 

3-» 
26 
I.I 

o.S ' 
2.2 I 



+ i-5 

■h 2.2 
+ I I 

— 0.2 

— « 4 



e 

i 






+ 2.0 I 

-I- a;! 
+ 20 
0.0 ' 

— 2.6 

- 45 ' 



— 50 ' — 2.7 i — 2.1 —17 

- ;,! ! — 2.6; — 2.2 — ».6 

— 2.8 ' — 2.0 



O.I 

■ '3 



j| II. M.T.. . 
j g i Amount, 

■SBJL.M.T 
^ g J Amount, 

Totftl observed 

ranee 

Calculated range. 

Summer range. S. 
Winter range, W. 



Ratio— . 
W 






H6H 

-f 3.'>^ 

Ii4-3H 
— 5'' 



8 '9 

8.'2 

»3'5 
5'2 



11.2H 
20.0 H 



— 15 

-0,4 1 

0,0 

+ 03! 
-f 10 I 
•^ 1.2 [ 

+ I 3 

+ 13' 



— I.I 

— 0.5 

— 02 



CO 

0.0 

4- 0.1 

+ 0.1 

+ 0.1 



— 1.9 — 1.1 

— ' 3 ' "" ^^ 

— 0.8 Of) 

— 04, 0.0 



O I 

0.1 

0.0 
00 
0.0 

0.4 I 

OS 
I.I 
o 7 

0,0 
oS 



I 



— 0.2 
+ 0.1 
+ 0.2 

-f 0.2 
0.1 I -f 0.2 
0.0 + 0.1 



8.2 H 

+ 2'7 



12.9 H 
— 5 'o 



7'7 



10/ 1 

5/8 



8.1 H 

+ 3'i 

13.2 H 

- 2.'8 



5.9 
4'i 

7'7 
4/6 

1.67 



10.0 H 10.6 H 
(17.8H)' 19.1H; 



— 0.1 

— o I 

— 0.1 

— 0.1 

— 0.1 
0.0 



8.2 H 8.7 H 8.1 H 
+ 2/5 + 1/8 + i/i 



13 6 H 
— 2/2 



4'7 

3-'S 



13.3 H 11.9 H 

— I.'S'— I.'2 



— 1.0 

— 05 

— O I 

4- 0.2 

-»- O 2 
0.0 

— O.I 

— 0.1 

— O.I I 

0.0 
0.0 

-I- 01 



6 '6 

3-'6| 

1.83 



2/9 j 

^•;' i 
2/2 1 



^•;3 

4/0 
0/9 



2.36 t 4.44 



10.8 H 10.9 H lo.o H 
19.7H) 109HI IS3H) 





S 


*» 






• 1 




I? 


W 


m 
















S 


a 




7% 


s 




a 

m 


m 




^^ 


■ 




f 


: 


f O.I 


0.0 


■+■ O.I 


+ O.I 


-»- O.I 


+ 0-2 


0.0 


+ 0.2 


-^ O.I 


+ 0.1 


4- 0.4 


+ O.I 


^ O.I 


— OA 


— 0.8 


- 1.8 


— K 


+ 0.2 


— 1.2 


+ o.h 


— 0.3 


-u 0.7 


+ 0.5 


4 0.4 


-H 1.0 


0.0 


+ 14 


— 0.4 


+ «-3 


- 06 


-♦-09 


— 0.4 


+ 0.5 


— 0.1 


-H 0.4 


+ 0.1 


+ 02 


-f 0.2 


4- 0.1 


+ 0.3 


00 


+ 0.3 


— .0.1 


-H 0.2 


0.0 


12 4 H 


15-3 H 


+ o.'8 


+ 1.'4 


9.2 H 


95H 


— I.'2 


— I.'9 


2.'o 


3.'3 


2.'5 


2 '9 


^•!3 


^'.^ 


24 


2.'9 


1-79 


1.48 


7.1H 


2I.6H 


10.8H 


124H 



|l ■ ? ? ■ rl 
?•? >^ -- 

■ « 2 ® - E- 



r 



— 0.8 -*- 0.5 

— i.o , + o 5 

— I 2 I -♦- 0.5; 

— M 1 -»- o 4 

— 1.4 ■ -J- 0.4 

— 15'-^ 03 



— I 6 



0.0 I 

— 1.0 I 

— 2.6 — 2.2 I 

— 2.0 , — 2 8 . 

— 0.5 ; — 2 2 

•f \h — c -^ 



00 tJO 

c L — e : 
«.- c • — 0-5 

01 [ — 04 
0.1 ' — 0.7 
0.2 j- I.: 

— o ^ , — 2.0 

— SO 

— 5^5 

— 2^S 

— 09 

— M 



I-f> 

2 fe 



+ 3» 

-I- 3: 

^ 3-5 

+ 24 

+ 1-5 

+ ».o 



-+- 0.4 
^ '-S 
+ '3 
-*- i.o 

-4- 0.4 

-U O 2 



■^ 2 7 ' -- 4-7 



4-0.5 -1- O 2 
+ 0.4 ^ + 0.2 
-f 0.2 + 03 



— 04 

— 0.5 

— 0.7 



14^ H 

+ 3'7 

9.2 H 

— 2.'o 



3- '4 

8.'8 
4/3 

205 



-I- 03 
-^ 0.4 

■*- 0.4 



14-8 H 
-K i.'4 

10 o H 

— 2.'8 



42 

3- '4 






6.' 
3^' 

1.66 



21.2HJ , 6.9H: 
ir.3H 12 6H 



^ 29 

+ 0.2 


+ 3-5 
+ 2.2 
-^ 12 


0.0 

— 0.1 

— 0.2 

— 02 

— 0.2 

— 01 


-r 0^5 

— OJ 

— 0-S 

— «-5 

— 1-5 

— M 


•5-3 H 

+ 2'6 


14-4 H 


9-7 H 

— 2/8 


8-8 H 

-3.'6 


5- '4 
3-'S 


«-'4 
7/t 


5'« 


'^■i 


1. 21 


2C2 


19-oHj 
12. iH 


19^6H 
11 4H 



Digitized by 



Google 



RESULTS ZIRGLER POLAR EXPEDITION 



"5 



An inspection of the mean yearly ranges in diurnal variation 
for the stations indicates that these ranges are in some way depend- 
ent upon the values of the respective magnetic dips, the greater 
ranges being associated with the greater inclinations. Dr. Bauer* 
has announced a law covering this apparent interrelation, namely, 
that the mean value, d, for the year of the total diurnal amplitude 
of the magnetic declination is a function of the magnetic latitude, 
4', which may be in the general case expressed mathematically as 

d ^= k secV', 
in which the value of 4> is derived from the magnetic inclination, /, 
in accordance with the well-known formula 

tan <^' = 0.5 tan /; 
^ is a constant depending upon the position of the particular series 
under discussion in the sun-spot cycle. Dr. Bauer's preliminary 
value of k is 2.'58. Pending greater elaboration by him values of 
k by grouping the stations in order of the approximate sun-spot 
frequencies have been determined. Values derived by the method 
of least squares from various groupings of the stations are as 
follows : 

Mean snn-spot frequency Resulting value 

for grouping of k 

81 2.71 

60 2.52 

32 2.36 

The ranges for the individual stations of the groupings have 
been calculated using the above values of k and the results placed 
against the actually observed quantities for each station. The 
agreement between the observed and computed ranges is, in the 
main, quite satisfactory. 

In view of the fact that no continuous observations were made 

either for magnetic inclination or intensity in connection with 

those for declination, it was not deemed worth while to attempt 

any general discussion or comparison of disturbances. It is noted 

that magnetic storms were very frequently associated with the 

aurora borealis. On the other hand, the auroral displays were not 

always accompanied by magnetic disturbances, and vice versa. 

* A remarkable law, by L. A. Bauer. Journal of Terrestrial Magnetism. Vol- 
ume II, p. 70. Cincinnati, 1897. Also United States magnetic declination tables and 
isogonic charts for 1902, by L. A. Bauer. U. S. Department of Commerce and Labor, 
Coast and Geodetic Survey, (). H. Tittraann, Superintendent. 2d edition, p. 51. 
Washington, 19113. 
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The observations of November i, 1903, between midnight and 
8 A. M., local mean time are of particular interest, as they cover 
the final portion of the great magnetic storm of October 31 to 
November i, 1903/ The extreme values of declination observed 
at Teplitz Bay during this period were 37° 31' E at 4.01 a. m. and 
20° 13' E at 5.49 A. M., local mean time, the greatest range thus 
being 17*^ 18' in 1.8 hour. During the same absolute period the 
records of the Cheltenham Magnetic Observatory of the United 
States Coast and Geodetic Survey show an extreme range of 32'. 
while the maximum range for the entire storm at this point was 
about three times as much, viz., 97'.!. From this comparison it 
appears highly probable that during the maximum violence of this 
disturbance on October 31, 1903, the extreme range in magnetic 
declination at Teplitz Bay may have been as much as 52*^. 

The highest value observed during the entire series was 37® 31' 
E, as above, on November i, 1903; the lowest 19° 51' at 8.27 p. m. 
on June 15, 1904. The absolute observed range was, therefore, 
17*^ 40'. The unusual and extreme character of the storm ol 
October 31, 1903, is thus further evidenced. 

The range of variation on the mean of year shows its maximum 
early in December at which time declination was 10/2 greater than 
mean of year, while the opposite extreme was during middle of 
August the value being then lo/o less than mean of year. By the 
use of Bessel's periodic function in the case of a cycle of twelve, 
the annual variation based on the epoch 1904.0 is shown by the 
following formula in which the angle B counts from the middle of 
June as o®, no account being taken of the inequality in the length 
of months: 

D-=22'' 38.'5 + 9.'27 sin (^-(- 244° 59') + 2.'32 sin {26- 141° 07') 
r i.'4i sin (3^ + 4° 45') 

Observations for magnetic inclination were made on the second 
pier in the observing house, after the method prescribed for use in 
the field work of the United States Coast and Geodetic Sur\'ey. 
When observing with two needles, the observations with first 
polarity of the first needle were immediately followed by the 
complete determination with the second needle (polarities of both 
needles being reversed at the same time), after which observations 
with the second polarity of the first needle are made. By this 

1 Journal of Terrestrial Magrnetism and Atmospheric Electricity, Volume IX, 
1904* PP- 25*331 ^Iso Annalen der Hydrographie und maritimen Meteorologie, 1904, 
Heft III, pp. 1 12-127. 
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arrangement the final means from each needle correspond to prac- 
tically the same epoch of time. Two settings are made on each 
end of the needle in every position except in those cases where 
these differ by ten minutes or more of arc, when an additional 
observation is made and the mean of the three readings taken. 
Some 120 single determinations were made besides 12 determin- 
ations at the Italian Expedition Station of 1899 and 1900. 

Observations of magnetic horizontal intensity were made on the 
magnetometer pier at least once and usually twice each week dur- 
ing the period of declination observations. Each determination is 
based on at least one complete set of deflections at two distances 
preceded and followed by one or more determinations of the period 
of oscillation of the magnet; in cases where pronounced disturbance 
and irregularity was noticed the work was repeated. Of 56 complete 
determinations made during the period of observation the extreme 
range of the monthly means is something less than ten per cent. 
Observations to determine secular variation were made at Com- 
mander Cagni's Station of 1899 21°^ 1900. 

The following tabulation summarizes the mean results obtained 
at the Teplitz Bay Station. The secular variation quantities have 
been deduced from differences established between the results of 
the Italian Station of 1899 and 1900, when reduced to mean of day, 
for secular variation, and for difference in station (from determina- 
tion made at the point occupied by Commander Cagni, as near as 
it could be relocated by the Ziegler party). In the case of the 
declination the value applies to the mean of both day and year; this 
is also practically the case for the inclination and intensity. 



A— Declination. 


B— Inclination. 






C— Intensity. 






f 


r? 


Annual Rate 
of Secular 
1 Change, 

' 1900-1904.... 


f 


li 

5:2. 


Annual Rate of 

Secular Change 

1900-1904..... 




is 
11 




.0 


Annual Rate of 

Secular Change, 

1900-1904. 






H 


z 


F 


1904.00 


/ 
22 38.5 


/ , 1 , 

-f n% 1904.1383 12.4 


— 2 ' 
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7 
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7 
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7 
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7 
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7 

-238 


7 
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Latitude of station is 81° 47/5 North; longitude is 57° 59^ east of Greenwich. 

[ The plus sign in above table, in the case of each element, denotes that the numer- 
ical value had increased since the previous observation ; the minus sign, denotes the 
contrary fact.] 
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A second series of magnetic observations covering the period 
June 26 to July 30, 1905, was made at Camp Ziegler, Alger Island, 
Franz Josef Archipelago, while waiting for the arrival of the relief 
ship. The stay at this point being of uncertain duration the observ- 
ing quarters were of less permanent character than at Teplitz Bay. 
To test for local disturbance observations were made at four points 
to the magnetic north, east, west, and south, respectively, and each 
distant about 91 meters from the site proposed. These g^\'e indica- 
tions of local magnetic attraction, in the maximum, about 30'. 
Apparently, therefore, the local conditions are more uniform than 
is the case at the Teplitz Bay site. The central pier is of coniferous 
drift-wood about 20 centimeters in diameter, 1.75 meter long, and 
is sunk some 0.4 meter in frozen gravel, thus leaving a clear height 
of about 1.3 meter. Great care was exercised that no magnetic 
material was used in the building. The observations and reduc- 
tions at this point were made in simlar manner to those at Teplitz 
Bay. No previous work is available for the determination of secular 
variation quantities. 

The following shows in one view the mean results obtained by 
the Expedition at Alger Island Station, all values applying prac- 
tically to mean of day: 



Bpoch. 


East 
Declination. 


Northerly 
Inclination. 


[ 

Horizontal 
Intensity. 


Vertical 
Intensity. 


Total 
Intensity. 


1905.53 


• / 
20 28 


/ 
82 46 


7 
7161 


7 
56395 


7 
56848 



Latitude of station is 81° 21. '5 north; longitude is 56® 05.'5 east 
of Greenwich. 



Besides the primary series of observations a number of results 
were obtained at other points. These were necessarily limited in 
scope by the various exigencies arising, the numerous other duties 
of the observers, and the severe physical conditions encountered. 
The miscellaneous results may be summarized by the following 
tabulation : 
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PUkCS. 



Tromsoe, Norway 
Archangel, Russia 



Barents Sea (on 
floating ice), . 



Cape Norway . 
Hooker Island, 
Rubini Rock, . 
Cape Flora, . . 






6839 
64 34 

7706 



81 12 
80 21 
80 19 
79 57 






1850 

40 40 

52 15 



55 34 
53 12 
52 48 
49 58 



g 



'903 
June 27 



July 
July 



August I 



1904 
April 18 
June 19 
June 23 
July 9-19 



4 




h m 

13 59 

14 56 
13 17 
18 26 

12 18 

13 32 
18 31 

20 44 

21 08 
21 56 

12.4 
12.1 
22.0 



7 01.7W 

700.3 
7 22.7 E 
728.8 

727.3 
725.0 
725.8 

17 42.8 E 

18 00.2 
17 51.8 

25 52 E 

19 41. 7K 
17 29. 7 E 
14 57 E 



si 

a 



h m 



15 50 
15 48 
15 18 
17 42 

22 31 



73 54. iN 

74 00.^6 



81 03.*4N 



X 



14528 
14538 



*The obBcrvationt of inclination were made about 600 feet S 10° W from point of observa- 
tion of declination. 

Observations of the Auror^^ Borbaus. 
Mr. Anthony Piala, Commander of the Expedition, has con- 
tributed a series of nineteen colored plates showing the Auroras 
Borealis as sketched by him on December 23, 1903, January 2, and 
January 23, 1904. Plates 10 to 19 are particularly interesting as 
showing the progress and growth of the Auroras of January 23, 
between 9h 30m and loh 28m p. m. His article includes a summary 
of all the notes made of the occurrence of this phenomenon at Tep- 
litz Bay, Rudolph Island, and at Cape Flora, Northbrook Island. 

Meteorological Observations. 

The greater part of the instrumental outfit was loaned by the 
United States Weather Bureau and the United States Signal Corps. 
The observer in charge of the meteorological work was Mr. Francis 
Long, who had seen previous Artie service in General Greely's 
Expedition, and who has had many years of practical experience 
in the United States Weather Bureau. He has merited the highest 
praise for the vast amount of work accomplished. 

Between September, 1903, and the end of April, 1904, the work 
was carried out regularly at Teplitz Bay, Rudolph Island. After 
the latter date, Mr. Long having been assigned to the division of 
the Expedition to go to Northbrook Island, only observations of 
wind movement could be regularly maintained at this station. An 
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instrument shelter was set up close to the original site used by the 
Italian Expedition for their meteorological work. Records were 
made daily at 8 a. m., noon, and 8 p. m., local mean time. The true 
direction of the wind was determined by eye observations of the 
weather vane. Observations with the nephoscope were found to 
be impracticable: during the winter the darkness prohibited any 
attempt ; during the period of daylight the clouds were of such a 
character and were so low, really not more than fogs, that they 
presented no well-defined points on which to observe. 

At Cape Flora ("Elmwood" of the Jackson-Harmsworth Ex- 
pedition of 1894 to 1897) a valuable series of observations extend- 
ing from May 21, 1904, to July 30, 1905, was made by Mr. Long in 
an improvised instrument shelter. It may be noted that the wind 
is locally affected at Cape Flora by the proximity of bluffs 350 
meters high. This is especially noticeable when open water affords ' 
another means of determining the wind direction. 

The corrected records at the Teplitz Bay and Cape Flora stations 
are given on pages 375 to 471 ; the final summaries and reductions 
resulting on pages 472 to 482. In view of the fact that all of 
the records, in comformity with the standards used by the United 
States Weather Bureau, have been made in the Fahrenheit scale for 
temperature and in the English measure for wind and atmos- 
pheric pressure, these systems have been retained in the various 
compilations. No records are given for relative humidity, vapor 
pressure, or dew point; this is owing to the fact that with the 
insuflBcient apparatus available no reliable results could be obtained 
under the condition of prevailing low temperatures. 

The results at the two chief stations may be summarized as 
follows: 



Reduced pressure, . 
Temperature, .... 
Maximum preceding. 
Minimum preceding, 

Mean daily range. . 
Mean thermogram, . 
Mean barogram. . . 
Total precipitation. 



Teplitz Bay for seven months- 
October, 1903, to April, 1904. 

Mean for the whole period. 



Cape Flora for fourteen months — 
June. 1904, to July, 1905. 



Mean for the whole period. 



Noon. 



8 P. M. 



2i)Xibi In. 29.668 In. 29667 In. 29.602 In. 

— 11.5' F. — 11.1° F.| — 12 2' F. ! -H 8.2'' F, 

— 90^ K. — .s.S' F.| — 6.s^ F. : + tr.«;^ F, 

— 17.0' P. I " 



8 P. M. 



29.629 In. 29.^v^ In. 

+ 9 c' F. ; + 8.2 ■ F. 

-.. - .. - . -Hio-4'F. -f- 12.5' F. 

16.6 F. ' -^ 38 F I -}- 4q F. 



15. s-^ F. 

— 11.70 F. 

29.678 In. 

S.^y, In. 



29 621 In. 
24 5.^ In 
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During the period September, 1 903, to May, 1 905, the wind register 
at Teplitz Bay showed a mean average hourly movement from a 
minimum of 14.3 miles to a maximum of 14.9 miles; the average 
daily total wind movement for the same period was 350.5 miles. At 
Cape Flora no register was available. 

Prom the barograms and thermograms the phase angles and 
amplitudes are deduced for the available periods of observation. 
It is of interest to note that the corrections necessary to the means 
of the daily observations made at 8 a. m., noon, and 8 p. m., to 
obtain the mean results from continuous registration of atmospheric 
pressure and temperature are small. In connection with storm 
periods it was found that the temperature was even a better means 
of forcasting than the barometer, sudden and rapid rising of temper- 
ature being almost always accompanied by severe storms. Typical 
storm thermograms and barograms recorded at Teplitz Bay are 
shown. From the tabulations of percentages of observed wind 
directions, the prevailing winds at Teplitz Bay are from the east. 
At Cape Flora the proximity of the high cliffs interferes with the 
winds. 

Following the results at these main stations are tabulated the 
more or less extended observations made on the various sledge trips 
of the Expedition; these afford interest as giving some gauge of the 
conditions attending travel in the Archipelago. 

Tidal Observations. 

During the Expedition two valuable series of tide observations 
were secured, one at Cape Flora, Northbrook Island, and the other 
at Teplitz Bay, Rudolph Island, in Franz Josef Archipelago. The 
tides at Cape Flora were observed from May 21 to August 31, 
1904, and at Teplitz Bay from April i to June 3, 1904. 

The tide gauge at Cape Flora is in approximate north latitude 
79° 57' and longitude 49° 59' east of Greenwich, while the gauge 
at Teplitz Bay is in north latitude 81** 47.'5 and longitude 57° 58' 
east. The observations are given in detail on pages 499 to 567. 

The two series have been discussed by Mr. L. P. Shidy, Chief 
of the Tidal Division of the United States Coast and Geodetic 
Survey, by the harmonic analysis in accordance with the process 
outlined by Professor George H. Darwin in the report of the British 
Association for the Advancement of Science for the year 1883. A 
comparison of the results obtained indicates that the type of tide at 
Cape Flora is quite different from that at Teplitz Bay. In some of 
4 
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the most prominent characteristics the tides of Cape Flora resemble 
those of Melbourne, Australia, while those of Teplitz Bay are in a 
similar way like those of Sitka, Alaska. It happens that both Mel- 
bourne and Sitka are in the Pacific Ocean, although widely separated, 
and it might be inferred that the tides of Franz Josef Archipelago 
are derived from that ocean. The narrow and comparatively shal- 
low opening at Bering Strait makes it extremely improbable that 
the Arctic tides are derived from the Pacific Ocean to any appreci- 
able extent. The tide wave appears to reach Franz Josef Archipel- 
ago from the Atlantic Ocean by two channels, one between Norway 
and Spitzbergen and the other between Spitzbergen and Greenland. 
The latter channel being much deeper than the former, the tide 
wave from the Greenland channel reaches Teplitz Bay, in the 
northern portion of Franz Josef Archipelago, nearly four hours 
before the tide wave from the Norway channel arrives at Cape Flora, 
in the southern portion of the Archipelago. The indications are 
that the tide wave advances southerly through the channels, be- 
tween the various islands of the group and along their eastern 
coasts until it meets the southern wave a few miles east of Cape 
Flora. 

Astronomical Obsbrvations. 

The instruments mainly used in the astronomical observations 
were a 30-centimeter Repsold circle, loaned by the Christiania Ob- 
servatory, two small centimeter theodolites (used for secondary 
work), and two chronometers. 

At Teplitz Bay, where a permanent observatory and pier was 
erected, latitude was determined by observing star altitudes in the 
meridian. The mean value resulting is 81® 47' 34."9 north; the 
result of the Italian Expedition referred to the same point is 
81** 47' 29."5 ; the two determinations thus agree very closely, the 
mean value being 81° 47' 32."2. On account of the sticking of the 
micrometer screws in the extreme cold weather, time was deter- 
mined by star transits in preference to measuring star altitudes. 
These transits have been reduced by the usual method of least 
squares. In connection with time observations, determinations of 
longitude were made during the winter of 1903 to 1904 by observ- 
ing transits of the Moon. This method was adopted in preference 
to the chronometric method in view of the small number of 
chronometers carried by the Expedition, these also being subject 
to many heavy shocks in navigating in the ice and exposed to very 
great changes of temperature. The results for longitude are shown 
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in detailed tabulations. The Moon's positions used have been cor- 
rected by means of the observed corrections at Greenwich Observa- 
tory, in accordance with Peirce*s method. The mean results of 
the determinations of longitude are as follows : 

h fn s s 

Mean longitude east of Greenwich of the astronom- 
ical observatory derived from twenty-two Moon 
cnlminations, 3 51 51.8 {± 1.3) 

Mean value derived from three occultations of 

fixed stars, 3 51 58.6 {± i.i) 

Weighted mean longitude east of Greenwich, 3 51 52.6 (i= S 3) 

This value is somewhat less than that obtained by the Italian Ex- 
pedition when referred to the same point. The final result adopted 
from the observations of 1899 to 1900 was 3** 52™ i6* {zt 2* ) east 
of Greenwich, which, referred to the station of 1903 to 1905, would 
be 3*^ 52"* 1 5. •3. There is thus a difference between the two de- 
terminations of about twenty-three seconds of time. It may be 
noted that the probable errors of the two values are of the same 
order. The star transit observations were also used, with very sat- 
isfactory results, in determining azimuths. 

When the retreat south was made, in April of 1905, the Repsold 
Circle was taken from its pier at Teplitz Bay. packed in its case, 
and, with the chronometers, transported by dog sledges one hundred 
miles to Alger Island. Solar observations only were made at this 
station during the summer of 1905. The continuous daylight 
prohibited making trustworthy determinations for longitude. A 
value of longitude, depending upon a rough survey, beginning 
at Teplitz Bay Observatory and ending at Cape Flora, resting 
at the latter place on the determinations made by the Italian 
Expedition, of 3*^44°' 22 • east of Greenwich has been adopted. 
Latitude was determined by the method of circummeridian obser- 
vations of the Sun, the reductions being carried out in the usual 
method. The results give a mean value of 80° 21' 2i."o north. 
The observations of Sun's transits were also used to determine 
azimuth. 

Map Construction and Survey Work. 

Some of the most valuable results of the Expedition are exhib- 
ited in the maps accompanying this section by Mr. Russell W. 
Porter. These are based on exploratory surveys by the Expedition 
and data obtained from the maps of Payer, Leigh Smith, Jackson, 
Nansen, Wellman, and the Duke of Abruzzi. The longitude values 
obtained from the surveys referred to Camp Abruzzi were adopted 
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in the new map and required Jackson's work to be shifted 3.5 
nautical miles to the east, Payer's 3.6 to the west, and Wellman's 
0.5 to the west. Certain changes in nomenclature of geographical 
features have been made for various reasons given. The results of 
the survey work of the Expedition are given in two maps. A map 
showing the Arctic regions has been compiled by Mr. Gilbert H. 
Grosvenor, Editor of the National Geographic Magazine. This in- 
cludes practically all data secured in the Arctic regions through 
the year 1906, and is the result of much laborious work of compi- 
lation of data and corrections. 

There is also given with insert map the results of the detailed 
survey of the region some three miles square surrounding Rubini 
Rock, Hooker Island, which seems to offer a peculiarly safe harbor 
for any ship intending to pass the winter in the Archipelago and 
from which she may be sure of getting out the next year. Mr. 
Porter also makes an interesting report of some measurements of 
glacial movement obtained in this bay ; during the interval of ob- 
servation (June 25 to July i, 1904) the glacier was advancing into 
the bay at the rate of about a foot a day ; the yearly movement was 
probably at its maximum the temperature being between -f-32 and 
+42 degrees Fahrenheit. A substantial stone mark was erected 
for future reference and movement determinations. 

Mr. W. J. Peters, who had charge of the scientific work, took 
up the task of preparing the results for publication during Septem- 
ber, 1905, upon the return of the Expedition. Owing to his asso- 
ciation on January i, 1906, with the department of Terrestrial 
Magnetism of the Carnegie Institution of Washington as Com- 
mander of the Magnetic Survey Yacht, he was unable to complete 
this labor personally. In his absence the compilation, computation, 
editing, and publication of the results was completed by the writer, 
substantial assistance being rendered by Messrs. E. H. Bowen, 
C. C. Craft, W. B. Corse, and W. N. Ross. 

The Report as a whole contains a large number of diagrams 
which add materially to a proper and ready conception of the text 
and tabular matter. The typographical arrangements and execution 
are excellent. The Commander, Mr. Anthony Fiala, and Mr. Peters 
are to be congratulated not only because of the amount but also 
because of the quality of the work accomplished, despite a most 
nieager instrumental equipment and unusually bad conditions for 
observation. 

Department Terrestrial Magnetism, 

Carnegie Institution, Washington, D, C. 
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WILHELM EDUARD WEBER.^ 

Wilhelm Eduard Weber was bom at Wittenberg, October 24, 1804. 
He was the fifth of seven children. His father, Michael Weber, was 
Professor of Theology at the University of Wittenberg ; this institution 
was united to the University at Halle in 1815, and the family then 
moved to the latter place. Of Wilhelm's early youth we know but 
little. He matriculated at the University of Halle as a mathematical 
student Easter, 1822, and shortly after began, with his ten years' older 
brother (Ernest Heinrich), a series of experiments on w^ave motion, 
which they published in 1825, under the title of " Wellenlehre auf Ex- 
perimente gegriindet." In 1826 he obtained his doctor's degree, and the 
following year was made Privatdocent at Halle. He then spent a year 
at Gottingen, where he heard Gauss, and he also visited Paris. 

In July, 1828, he was made corresponding member of the Academy 
of Sciences at Turin ; in September he presented his '• Compensation 
der Orgelpfeifen in Bezug auf die Starke der Tone " to a gathering ot 
scientists at Berlin. It was this that attracted the attention of both 
Gauss and Humboldt. The same year he was appointed Professor 
Extraordinary at Halle. On October 17, 1828, he again went to Berlin, 
where he met such men as Dirichlet, Dore, Poggendorf, Seebeck, Crelle, 
etc. Early in 1829 he returned to Halle, where he remained until, on 
the death of Tobias Mayer in 1831, he was, through the influence of 
Gauss, appointed Professor of Physics at Gottingen. From 1833 to 
1836 he worked with his younger brother, Eduard, on the mechanism 
of walking, the results of which were published at Gottingen in 1836, 
under the title of " Mechanik der Menschlichen-Gehwerkzeuge ;" among 
other things they showed that the air pressure is an important factor 
in keeping the joints in place. 

On the death of William IV, of England and Hanover, the kingdom 
of Hanover fell to Ernst Augustus, who believed strongly in the 
supreme right of kings; he considered the constitution granted by 
William in 1833 as entirely too liberal, and so set it aside and adopted 
in its place the old customs of 1819. He then (1837) called upon all 
the public ofl&cers, including the professors at the universities, to take 
the oath of allegiance to him and of obedience to the new rule. Weber 
and six of his colleagues refused to comply and were removed from 
the University. Three of them were exiled, but Weber was allowed to 
retire to private life at Gottingen, where he remained until called to 
Leipzig, in 1843, 21s Professor of Physics. It was while there that he 
published his first paper on electrodynamic measurements, which 
resulted in his establishing a system of absolute units for these quanti- 

1 Prepared by Dr. N. E. Dorsev, U. S. Bureau of Standards, Washington, D. C, 
for the Physical Seminary of the Johns Hopkins University, under the direction of 
Professor Ames, who communicated it to the Journal. 

Cf, Biographical sketch of Gauss, this Journal, vol. XT, p. 130. 
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ties similar to the units adopted by Gauss for magnetic quantities. He, 
however, deeply regretted his separation from Gauss, and was glad to 
return to Gottingen in 1849, when Gauss succeeded in having him 
reinstated at the University. He remained at Gottingen for the rest of 
his life, but took up no other new subject; his time was now spent in 
such a quiet way that when his death occurred on June 23, 1891, men 
had almost forgotten that he was the great Weber who had been asso- 
ciated with Gauss a half a century before. 

Weber was of a mild, friendly disposition ; an optimist, but was not 
weak, as we see by his action in 1837. He enjoyed poetry and music ; 
was fond of philosophy: and loved to have his brothers and their 
families visit him. He was never married, but his niece looked after 
the house, and cared for him in his old age. 

Having now gone hurriedly over Weber's life, it is time to look a 
little more closely at his principal works. The treatise on wave motion 
was the result of an accidental observation of his brother. He was one 
day pouring mercury into a bottle through a filter and he chanced to 
notice the figures formed by the waves. The wave theory was especially 
interesting at this time on account of the new interest taken in the 
wave theorj' of light, and the subject had been worked up fairly well 
for the case of light and sound, but it appeared that no one had studied 
surface waves, such as those produced by the falling of a stone into 
water; hence the brother undertook to fill this gap. The work re- 
mains a classic in experimental research; it is remarkable for its 
wealth of the most accurate and careful observations, for the simplicity 
of the apparatus employed and for the ingenious and exact methods of 
measurement. 

The study of those surface waves led him to the investigation ot 
the vibrations of such bodies as violin strings. Now the pitch of these 
are very variable, depending on the weather, amplitude, temperature, 
etc., so he tried to find some standard of pitch that should be inde- 
pendent of these conditions. The result was the paper on compen- 
sated organ pipes, which attracted the notice of Gauss, and resulted in 
his being called to Gottingen. 

After coming to Gottingen he devoted nearly all his energies to 
magnetic instruments and measurements until he was called to Leipzig 
in 1842. He devised a small magnetometer, suitable for travelers 
(1836); gave a full description of Gauss's large bifilar magnetometer 
in 1837, and the same year employed the earth inductor for determin- 
ing the dip. He devoted a great deal of his time to perfecting the 
instruments devised by Gauss and in studying electromagnetic in- 
duction. 

Just before going to Leipzig, in his paper on **Messung starker 
galvanischer Strome bei geringem Widerstande nach absolutem Maasse " 
(1841), he describes the tangent galvanometer, and defines a unit cur- 
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rent as that current which, circulating around the perimeter of a unit 
surface, exerts at a distance the same force as a unit magnetic shell 
would exert. The coil of his galvanometer was a single copper ring 
thirty square millimeters in cross section, and 198.5 millimeters in 
diameter, the needle was 50 millimeters long and moved over a scale 
divided into degrees. He also suggested using the amount of heat 
develop>ed in a platinum wire as a method of measuring the current. 
The great advantage of the galvanometer over both the electrolytic 
and other methods of measuring a current is the small resistance of 
the instrument and the ability to follow every change in the current. 
He now desired to find the amount of water decomposed by the unit 
current as defined above, so that he could compare currents measured 
by the two methods. The tangent galvanometer was not sensitive 
enough for this, so we find him using the first and simplest electro- 
dynamometer. By means of a bifilar suspension he hung a coil so that 
its axis was magnetically east and west ; then when the current was 
passed through the voltameter and the coil, the coil was deflected. 
Knowing the moment due to the suspension and the intensity of the 
horizontal component, he could calculate the current. In this way he 
found the electrochemical equivalent of water to be 0.009376, while the 
value at present recognized is 0.00933, the units being the same. 

We now come to his greatest work, " Electrodynamische Maasbestimm- 
ungen iiber ein allgemeines Grundesitz der electrischen Wirkung'* 
( 1846) and which was continued under various titles until 1878. The 
only experiments so far on the mechanical action of one wire on another 
when a current flows through each, are those of Ampere which are crude 
and unsatisfactory in every way. Therefore, Weber undertook to repeat 
them with refined methods. He used the bifilar electrodynamometer. He 
states he had occasionally used this instrument for about twelve years 
previously, but that he had not realized its possibilities for refined work 
until he became acquainted with Gauss's bifilar magnetometer. It was 
from Gauss also that he learned the use of a mirror on such instruments. 

The suspended coil was 66.8 mm. in diameter and 30 mm. long with 
5,000 turns of insulated wire 0/^4 mm. in diameter. The mirror was 40 
mm. square and the suspension wires were one meter long, 1/6 mm. in 
diameter, and 3 or 4 mm. apart. The fixed coil was 140 mm. outside 
diameter, 76 mm. inside diameter and 70 mm. long; it had 3,500 turns of 
wire 0.7 mm. diameter. The telescope and scale were placed 6 meters 
away. 

He verified Ampere's experiments very carefully, and then undertook 
to develop the theoretical side of the question. Up to this time the laws 
of the action of one current on another were always expressed in terms 
of elements of the currents, which has no obvious connection with quan- 
tities of electricity which we deal with in electrostatics. Weber wished 
to find some way of merely adding a term or two (depending on the 
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velocity of the charges ) to the ordinary expression for electrostatic action 
so as to obtain the result of Ampere's law and thus deduced his well- 
known expression for the force between two charges. 

In 1848 he repeated this work with a much neater instrument, about 
one-half the size of the former. In 1851 appeared his paper on '*Mes- 
sungen galvanischer Leitungs-widerstande nach einen absolutem Maasse.** 
He defines the unit resistance as such a resistance that unit difference of 
potential at its extremities will send a unit current through it. As unit 
electromotive force he takes that electromotive force which is generated 
in a closed conductor by a unit of earth magnetism ( i. e. a unit field ) 
when the conductor is so turned that the larea bounded by its projection 
on a plane at right angles to the field increases or decreases by unit area 
in unit time, the increase or decrease being uniform. As a unit current 
he takes that current which when circulating in a plane around a unit 
area exerts at a distance the same effect as a magnetic shell of unit 
strength. 

He shows that a resistance in these units is a velocity and to get a 
standard resistance he connects an earth inductor with a galvanometer 
and measures the deflection produced by turning the inductor. In this 
way he determined the resistance of the whole circuit in terms of milli- 
meters per second. Having once obtained a standard resistance known 
in absolute units it is very easy to determine absolute electromotive 
forces. 

One can but notice the striking contrast between the work done by 
Gauss' and that by Weber. The first is noted for the careful theoretical 
consideration of every detail, the other for exact experimental results. 
Gauss cultivated the theoretical side and Weber the practical. They were 
eminently fitted to work together; each supplemented the other. As 
remarked before^ the great debt Physics owes to them is for the intro- 
<iuction of absolute units into magnetism and electricity. Before them 
Ampere had discovered the mutual forces between magnets and electric 
currents; Ohm had established the law now known by his name; but all 
measurement consisted in merely comparing magnitudes of the same 
kind, the resistance of one wire with that of a particular piece of another, 
the electromotive force of one battery with that of another, etc. The idea 
that the value of an electric or a magnetic quantity could be expressed 
without referring it to another quantity of the same kind, and indeed in 
terms not involving any physical quantity except those of length, mass, 
and time was unknown, almost unthinkable. It was this idea that Gauss 
and Weber conceived and developed almost to perfection; and it is this 
idea that has- enabled these sciences and in fact all branches of physics 
to advance so rapidly in the last half century. 

* C/. Biographical sketch of Gauss in this Journal, vol. xi, pp. 130-134. 
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PRELIMINARY REPORT ON AMOSPHERIC ELECTRICITY 
WORK, YACHT " GALILEE/* SITKA TO HONO- 
LULU, AUGUST, 1907J 

On unpacking the instruments at Sitka it was found that the leaves 
of three of the electroscopes were damaged, making necessary to put 
in new leaves and to recalibrate the electroscopes. Some trouble was en- 
countered in the calibration, due to the leakage between the poles of 
the batter>' of small cells constructed at the Office in Washington, 
which was overcome by removing all the parafine surrounding the cells. 
The work of calibration took so much time that there was no oppor- 
tunity for observations in port, nor for observations on land to deter- 
mine the influence of the ship on the results, these being especially 
desirable in the case of the potential work. 

The extra g^mbal stand was mounted on the forecastle beneath the 
bridge. Lead weights were added, in addition to the brass ball to 
balance the Gerdien conductivity apparatus, when mounted on the 
gimbal stand on the low tripod purchased for the purpose. The Ebert 
ion-counter was also fitted to be mounted on the same tripod. 

Electroscope No. 1416, with its accessories, used for radio-activity 
work, has been used mounted on its own box, and fairly good readings 
can be made with it placed on a shelf in the cabin turned so that the 
leaves move in a plane parallel to the fore and aft line of the ship. 

Up to the present the most satisfactory work has been done with 
the Gerdien conductivity apparatus. Observations have been made on 
^\ki days. These give results fully as high as are expected on land, 
being of the same order of magnitude as those obtained by Mr. Bur- 
bank in Labrador*. The leakage, with no air-current passing through 
the cylinder, is so small that it may be neglected in comparison with 
the uncertainty of reading due to the motion of the ship. The prac- 
tice has been to turn the instrument lengthwise of the ship while a 
reading is being made, in order to minimize the effect of the ship's 
roll, while during rotation of the fan it is turned so as to face into the 
wind. 

The results so far obtained are summarized as follows, the times 
given being only approximate: 

> Transmitted by Mr. W.J. Peters, Commander of the Galilee. 
« Cf. This number pp. 97-104. 
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In connection with the potential gradient work the ship has been 
explored to some extent with collector and electroscope to find a favor- 
able place for regular observations. The poop-deck seems to be the 
best spot available, but nothing definite can be done till simultaneous 
observations can be arranged in port to find what the potentials shown 
by the electroscope really mean. Large potentials, which seem to vary 
with the roll of the ship, are indicated, and undoubtedly results of 
some sort can be obtained, though they may be hard to interpret. 

Owing partly to weather conditions and partly to other duties with 
which I had to become familiar, the amount of time so far spent on 
this work has not been large, but enough has been done to show that 
something can be accomplished. P. H. Dike, Observer. 

HonolulUy August 31 ^ /907. 
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PRINCIPAL MAGNETIC STORMS RECORDED AT THE 

CHELTENHAM MAGNETIC OBSERVATORY. 

April i-June 30, 1907. 
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J. E. BuRBANK, Odserver-in-Charge. 
O. H. TiTTMANN, Superintendent, 
Coast and Geodetic Survey, 



PUBLISHER'S NOTICE 



Nos. 2 and 4 of Volume I (April and October, 1896), of the Journal Ter- 
restrial Magnetism and Atmospheric Electricity, in response to numerous 
demands, will be reprinted and ready for sale at the end of the present year. 

Price of single numbers of Vol. I will be $1.25 for each, inclusive of post- 
age, or $4.00 for the entire volume. Price of Vols. II and III, with postage, 
will be $3.00 each, and subsequent single volumes at the usual subscription 
price. Price of complete set, Vols. I to XII inclusive, with postage, will be 
$32.50. 

Orders for either single numbers or volumes and for complete sets should 
be sent to the Johns Hopkins Press, Baltimore, Maryland; or to IVesley 6f 
Son, 28 Essex St.^ Strand, London; or Mayer df Mutter, Prim Louis- 
Ferdinand Sir., Berlin. 
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NOTES 

"^^ International Association of Academies, Vienna, May, 1907. The 
following resolutions relating to the work of the Commission on Ter- 
restrial Magnetism were adopted: 
{a) Professor Schuster (London) proposed that the Commission be 

reappointed with General Rykatchew as Chairman, in place of the 

late President von Bezold. Carried unanimously. 

{d) That the International Association of Academies expresses the wish 
that if a magnetic survey round a parallel of latitude be carried out, 
measures should be at the same time made at other parts of the 
earth's surface. Carried unanimously. 

{c) Professor Hale (Washington) proposed that the name of Professor 
Schuster be added to the Commission. Carried by acclamation. 

{d) Professor Schuster (lyOndon) proposed that the Berlin Academy 
should be asked to nominate a member of the Commission in place 
of the late von Bezold.* 

^^ Magnetic Survey of Neuf Zealand's outlying Islands. Several news- 
paper clippings received contain the gratifying information that the New 
Zealand Government has authorized a general scientific exploration of 
its outlying possessions. The expedition will leave at the end of the 
present year. Professors C. Coleridge Farr, and Mr. H. D. Cook will 
make the magnetic observations in the Auckland Islands, and Messrs- 
H. F. Skey and E. Kidson will be the Magnetic Observers for the CampK 
bell Islands. The successful and opportune inauguration of this highly 
important work while the magnetic survey of the Pacific Ocean is in 
progress, is due [chiefly to the enthusiastic interest of Professor Farr. 
The magnetic survey yacht Galilee is expected at Christchurch about 
December ist. 

^^ Personalia — Professor Hellmann has been appointed Director of the 
Prussian Meteorological Institute and Professor of Meteorology at the 
University of Berlin, in succession to the late, lamented von Bezold. 

>The Berlin Academy has nominated Professor Helmert.— i^rf. 
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THE PENETRATING RADIATION. 
By W. W. Strong. 

In the present article three distinct methods will be giveiv to 
show that the penetrating radiation which produces part of the 
ionization in closed vessels is not due to y rays from radium in the 
ground itself. It seems quite probable that the penetrating radia- 
tion must be due to radioactive products in the air and it is quite 
probable that the origin of these products is in the ground as Elster 
and Geitel's theory indicates. 

The first method is based upon the radium content of the various 
rocks as analyzed by Strutt and Eve. The highest value for the 
radium content of sedimentary rocks was found to be 2.92 (10)"" 
grams of radium per gram of rock. The mean value found by 
Strutt for sedimentary rocks was i.i (10)-" grams and by Eve o.» 
(id)"" gram. The value of the radium content varies greatly 
with the locality, but for surface soils which are subjected to all the 
various kinds of weather changes the radium content is probably 
smaller than that found above. For instance Strutt found a radium 
content for chalk at the bottom of a cliff to be 0.39 ( 10)"" gram 
and at the top of the same cliff 0.12 (io)~" gram. 

A maximum value for surface rocks will probably be in general, 
0.9 (10)'" gram per gram of rock. This quantity will be called Q. 

Eve (Phil. Mag. Sept. 1906) has determined Kj the number of 
ions produced per c.c by the y rays in air from one gram of radium 
bromide supposed concentrated at a point and at a distance of i cm. 
I 145 
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The number of ions produced per c.c at a point near the surface by 
a semi-spherical shell of ground of radius r and thickness dr is : 

2nr drh K Q -X r 

0.6 r , 

where 3 is the density (about 2.7) and X is the coefficient of absorp- 
tion for the ground ( say 0.09 ). The factor 0.6 comes in since IC 
is given for radium bromide and Q for pure radium; A' is 3.1 (io)V 
The total number of ions produced per c.c. per second by the 

ground would be 

'•oo 2nrh K Qdr -Xr 



JT" 



0.6 r 



This value comes out about 0.8 ion per c.c. per second as a prob- 
able maximum amount. Cooke found that the penetrating radiation 
produced about 4.5 ions per c.c. per second and McClennan has 
recently found 9. We thus see that the radium content of the 
ground is too small to account for all of the ionization produced by 
the external penetrating radition. Eve (Phil. Mag. August, 1907) 
reaches a similar conclusion. 

Taking X for air to be 0.00004 and assuming Cooke's value for 
the ionization produced by the penetrating radiation, one can calcu- 
late the radium content of the air necessary to furnish a sufficient 
amount of y radition. Supposing these radioactive products to be 
contained by the lower strata of air — say for a height of 300 m. — 
one finds that this is equivalent to the radium content of some 60 
centimeters depth of ground, taking Q equal to 0.9 (10)"". This 
depth is rather large but is not entirely impossible. The diurnal 
temperature wave penetrates to a depth of about one meter and 
barometric waves probably penetrate much deeper. 

It has been found by Campbell, Wood, the writer, and McKeon 
that the value of the external penetrating radiation which produces 
part of the ionization in closed vessels varies very considerably in 
amount, these variations often amounting to more than one or two 
hundred per cent in the course of two or three days. If this pene- 
trating radiation is due to the y rays from the ground it should be 
practically constant. Moreover, Dike has found that the active 
deposit in the air also varies very greatly in amount. The writer 
has found in several instances that the penetrating radiation falls 
almost to zero value during a heavy rain or snow ( Science, July 12, 
1907). Now Wilson, Rutherford, and Allen have shown that rain 
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and snow carry down radioactive products. If this is true, then 
according to our theory, the penetrating radiation would be con- 
siderably decreased. During a very heavy rain the decrease should 
be very noticeable, and might reach a very low value. If the 
external penetrating radiation is due to radium products in the air, 
then after a heavy rain penetrating radiation should increase rapidly 
for one or two hours after the stopping of the rain since the products 
radium A, B, and C will reach equilibrium values in that length of 
time, and the y rays come from radium C only. Results indicating 
a recovery of the penetrating radiation similar to this have been 
noted in one instance. 

The writer has tried glass electroscopes with practically all 
metal parts covered with sulphur. Since glass and sulphur give 
off very little intrinsic radiation, the ionization should be produced 
chiefly by the external penetrating radiation. The results found 
so far are so irregular that they are as yet hard to interpret. 

During the summer of 1907 some observations were made in 
the Cumberland valley (Trenton limestone similar to that analyzed 
by Eve) seven miles from Harrisburg, and one mile from any town. 
These were lined on the inside with aluminum. Readings during 
the day were made every few hours. During the night, as the leak 
was very slow, few readings were made, so that readings were not 
frequent enough to show the double daily period. The curves do 
show the enormous increase of the ionization during the early hours 
of the day. During the night the ionization was very small. The 
electroscope was placed in a cistern in the ground and was thus 
surrounded on all sides by at least four feet of water. In this case 
the penetrating radiation was entirely cut off and it was found that 
there was no difference in the ionization found during the various 
parts of the day. Morever, the amount was roughly the same as 
that observed during the night on the surface of the ground. 

The conclusion is that during the early hours of the day the 
X>enetrating radiation was quite large, the walls of the electroscope 
being thick enough to absorb any P like rays. 

The figure represents the values found September 4th, 1907, 
and averages for several days during August and September, 1907; 
the hours given are 75th meridian mean time. 

During the early hours of the day according to Elster and Geitel's 
theory the ground would become warmer and its emanating power 
would be greatly increased. Radioactive products would thus 
accumulate in the lower strata of the air and as the coefficient of 
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absorption for air is very small, the penetrating radiation would be 
very considerably increased. The amount of ionization in the open 
air is in agreement with this view. 

The curve of August and September averages is very similar to 
the curves representing the hourly rate of change of temperature 
during the day. 

The third method is the determination of the rate of leak below 
the grouod. If the penetrating radiation is due to the y radiation 
from radium in the ground, the ionization caused by it should be 
twice as much in a well or cave in the ground. During the summer 
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the writer tested this by placing the electroscope in a cave. The 
rate of leak was found to be somewhat less than that occurring 
during the night on the surface, and was found to be about the 
same as the leak when the electroscope was surrounded with four 
feet of water in a cistern. Moreover, the rate of leak was the same 
during the day as during the night. Elster and Geitel have gotten 
similar results. 

The conclusion is, that a large part of the ionization in closed 
vessels due to the external penetrating radiation is subject to large 
variations, and probably consists of y rays from radioactive products 
in the air rather than in the ground. These products vary very 
much in quantity according to atmospheric conditions. A very 
convenient method of measuring these products is by measuring 
the amount of the ionization due to the penetrating radiation. 

The writer wishes to express his sincere appreciation of the 
constant spirit of interest shown by Professor Ames. 

John Hopkins University. 
December y 1907, 
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HELWAN MAGNETIC OBSERVATORY, EGYPT. 
By B. F. E. Kebung, Superintendent. 
History. 
Since 1898 regular absolute observations have been made at Helwan. 
In 1904 the meteorological observatory was moved from Abbassia, (a 
suburb to the N. E. of Cairo) to Helwan, and a special building for ter- 
restrial magnetic work was provided. The recording instruments ar- 
rived in the autumn of 1906. The installation and determination of the 
temperature co-efficients occupied some months, and on April i, 1907, 
the regular records commenced. 

Location. 
The observatory is situated on the desert plateau to the east of the 
town of Helwan, about twenty kilometers south of Cairo. Its geograph- 
ical position is as follows : 

Latitude Longitude Altitude 

(North) (E. of Gr.) above sea level 

(meters) 
29** 52' 31** 20^ 120 

Administration. 

The Helwan observatory, which is primarily a meteorological ob- 
servatory, is under the Survey Department of Egypt (Director General, 
Captain H. G. Lyons D. Sc. F. R. S.). The magnetic work is carried out 
by Mr. H. E. Hurst. 

Buildings. 

The magnetograph house is entirely above ground. This was neces- 
sitated by the fact that the rock, the surface layers of which are very 
hard, is only about 50 cms. below the ground. The building is of local 
limestone. There are two walls each 75 centimeters thick with a pas- 
sage between, and there are also two roofs each consisting of 75 centi- 
meters of lime concrete supported on timber joists. There are two rooms 
for recording instruments each 5.0 meters square, a third room 9.0 me- 
ters long and 3.3 meters wide, and a porch (with single walls) 5.0 meters 
by 8.4 meters. 

Magnetographs. 

The observatory is equipped with a set of Watson magnetographs, 
recording photographically the declination, horizontal intensity, and ver- 
tical intensity. The scales for time and sensitiveness are those recom- 
mended by the International Committee. Absolute observations are 
made at least five times monthly for the determination of base-line 
values. 

149 



Digitized by 



Google 






> 

> 

o 

H 

> 
H 

CO 

n 
O 



« 

as 
o 



3 

•J 

X 




P 



Digitized by 



Google 



MAGNETIC OBSERVATORY 




L— -C*-^ 




Scale 1:1A0. 






8Mb 1:90 



Digitized by 



Google 



152 B, F. E, KEELING [vol. xn. No. 4] 

Absolute Magnetic Instruments. 

These consist of Kew pattern magnetometers by Messrs. Elliott 
Bros., and a Dover dip circle. The observatory also possesses a small 
Wild inclinatorium. 

Seismographs, 

At the observatory there are two Milne pattern seismographs, one 
mounted north and south, and the other east and west. 

Meteorological Observations. 
Continuous records of the meteorological elements are made. 

Atmospheric Electricity. 

Since 1906 a photographically recording electrograph, connected to a 
Kelvin water-dropper, has been in operation. 

Publications. 

The meteorological and other observations are published annually in 
the Survey Department's "Meteorological Report, Part I, Helwan Ob- 
servatory." 

Values of the Magnetic Elements. 

The following are (approximately) the values of the Magnetic Ele- 
ments for January, 1908 : 

Declination Inclination Horizontal Intensity 

2^ 58^ W 40^ 40^ (N) 0.3010 ' 
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RESULTS OF MAGNETIC OBSERVATIONS MADE BY 
THE UNITED STATES COAST AND GEO- 
DETIC SURVEY AT THE TIME OF 
THE TOTAL SOLAR ECLIPSE 
OF AUGUST 30, 1905. 

Bv O. H. TiTTMANN, Superintendent, 

In response to the request for co-operation issued by the Direc- 
tor of the Department of Research in Terrestrial Magnetism of the 
Carnegie Institution of Washington, arrangements were made by 
the Coast and Geodetic Survey for special declination observations 
at the time of the total solar eclipse of August 30, 1905, at the five 
magnetic observatories of the Bureau and by the various magnetic 
observers engaged in field work. In accordance with the instruc- 
tions issued, eye-readings of the declination were made every min- 
ute from 5^ to II** a. m., 75th meridian mean time, and the 
temperature was read every fifteen minutes. The observ^ers in 
charge of the various observatories were also instructed to take 
special care to have the self-recording instruments in good adjust- 
ment. In addition, at Cheltenham, the Eschenhagen magnetograph 
was run on the *'two hour" rate from 4^ 30"* to 6** 30" a. m. 

The geographic positions of the places where observations were 
made and the approximate values of the magnetic elements are 
given in the following table : 
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.2898 
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New Hampshire 


44 53 
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38 44 


76 50 


5 18 W 


70 26 
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Wisconsin 


44 57 


8938 
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75 22 


.1618 
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Kansas 


3847 


95 10 


684^ 


.7184 
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North Dakota 


4858 


97 15 


II 29 E 


77 17 


.1395 


Field Sta. 


Sitka 


Alaska 


57 03 


135 20 


30 00 E 


74 43 


.1548 


Observatory 


Honolulu 


Territory Hawaii 


21 19 


15804 


9 21 E 


40 05 


.2922 


Obeervatory 



More detailed information is given in the following paragraphs: 
Vieques, Porto Rico. — J. W. Green, observer-in -charge. The eye- 
readings were made in the absolute observatory, a small wooden build- 
ing about halfway up the hill to the east of old Fort Isabel, using a 
Cooke magnetometer, the regular observatory absolute instrument. 
One division of the scale = i''.38. The magnetograph was mounted in 
a room of the old fort. It had been remounted on June ist, and had 
not reached a stable condition at the time of the eclipse observations. 
2 153 
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The magnetograph is of the Eschenhagen type. One millimeter on the 
trace equalled i^o in declination, 2.0 y in H (horizontal intensity) and 
4.0 7 in Z (vertical intensity). The temperature coefficients have not yet 
been computed. Although there was no special insulation of the mag- 
netograph room, the thick stone walls of the fort kept the diurnal range 
of temperature down to about i®.o Centigrade, and the change during 
the period of discussion was only 0.^2. 

Colebrook, New Hampshire, — G. B. Pegram, observer. Observations 
were made in a tent, which was set up on top of a small hill, consisting 
of a bed rock of calcareous mica schist, thinly overlaid with sandy soil. 
The instrument used was a Cooke magnetometer ; one division of scale 
= I. ''38. Magnetic disturbance was noticed during observations made 
on the 29th and 31st. 

Cheltenham, Maryland. — W. F. Wall is. observer-in -charge. The 
eye-readings were made in the west wing of the absolute observatory by 
S. G. Townshend, Jr., using an old style (Weber model) magnetometer. 
One division of scale of declination magnet = 2.''32. The magnetograph 
from which the accompanying results were obtained is of the Eschen- 
hagen type. One millimeter on the trace corresponded to i.'o in Z>, 
1.67 7 in //, and 1.5 7 in Z, The diurnal variation in temperature was 
so nearly zero that it was not necessary to apply any correction for 
change of temperature. 

Wausau, Wisconsin, — C. C. Craft, observer. The observations were 
made in a tent, with a magnetometer of Coast and Geodetic Survey type. 
One division of scale of declination magnet = 2.^01. Owing to the diffi- 
culty of setting up the instrument in the dark, the observations did not 
begin until ^ 20". . 

Baldwin, Kansas. — W. B. Kebling, observer-in-charge. The eye- 
readings were made in the absolute observatory, using a Cooke magnet- 
ometer, the regular observatory instrument. One division of scale = \.'y]. 
The magnetograph was of the Eschenhagen type, mounted in a partly 
underground room. One millimeter on the trace corresponded to i.'o 
in Dy 3.18 7 in //, and 3.5 7 in Z. The temperature coefficient of the H 
variometer is 4.5 7 per degree Centigrade. That for Z has not been com- 
puted. As there is no especial provision for insulation, the diurnal range 
of temperature in the magnetograph room amounts to 2° or 3°, and some- 
times more, but for the period under discussion the change was only 
about o.°4. 

Pembina, North Dakota. — H. W. Fisk, observer. Observations were 
made in a tent, with a magnetometer of the Coast and Geodetic Survey 
type. One division of scale of declination magnet = 2. ''00. During the 
entire morning the ** Northern Lights" were unusually brilliant and 
active, and the regular observations, on the 29th, showed magnetic 
disturbance. 
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Sitka, Alaska. — Dr. H. M. W. Edmonds, observer-in-charge. Ob- 
servations were made in the absolute observatory, using the regular 
observatory instrument, an Eschenhagen-Tesdorpf magnetometer. This 
instrument has no scale, so the horizontal circle had to be read for each 
setting on the magnet. Diffuse auroras were seen for several nights 
previous to the 30th, deep, dull red in the north and fading out to the 
south. There were auroral streamers on the evening of August 29th. 
and minor displays on the morning of the 30th. [The magnetograph 
results are not at present available for publication.] 

Honolulu, Territory Hawaii, — S. A. Deel, observer-in-charge. Ob- 
servations were made in the absolute observatory with the regular ob- 
servatory magnetometer, a Wild-Edelmann combination instrument, 
designed for field use. One division of scale = 1/99. The magneto- 
graph is of the Eschenhagen type. One millimeter on the trace corre- 
sponded to i.'oin D, 2.567 in //, and 2.707 in Z. The diurnal range 
in temperature in the magnetograph room was so near zero that no cor- 
rection for change in temperature was required for these observations. 

Tables op Results. 

In Table I are given the five-minute means of the results of the 
declination eye-readings for the various stations, together with the 
values for the corresponding times derived from the photographic 
traces at the magnetic observatories. A five-minute mean is the 
mean of five readings, arranged symmetrically with reference to the 
tabular minute. [For the observatories, both the eye ( /) readings 
and the magnetograph trace (7") readings are given.] 

Table II contains the corresponding values of horizontal and 
vertical intensity derived from the photographic traces. The varia- 
tions in temperature were so small during the period in question 
that no correction for temperature was made. 

Table III gives approximately the normal diurnal variation in 
D, //, and Z, at the magnetic observatories for the end of August, 
1905, derived from the monthly tabulations for August and Sep- 
tember. In order that this table might be directly comparable 
with the one preceding it, the H and Z results have not been cor- 
rected for temperature change. The times in this table are local 
mean hours, counting from midnight to midnight. 

Table IV shows the variation in temperature during the eye- 
readings at the various stations. 

The photographic traces from the observatories show a consid- 
erable magnetic disturbance from the 29th to the 31st of August, 
and it was noticed during the special observations by most of the 
observers. 
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Tabids III 

Normal diurnal variation of the magnetic declination^ horizontal 
intensity and vertical intensity for the end of August, 190$, 

(A plus sign indicates that the magnet was to the east of its mean position for the day, 
or that the force was less than its mean value] 
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Tabi«b IV 



Temperature readings during special declination eye-readings. 
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PRELIMINARY NOTE ON AN *• INTERNATIONAL 
MAGNETIC STANDARD." 

By L. a. Baubr. 

The intercomparisons of magnetic instruments made by the various 
investigators during the past fifteen to twenty years have served to 
call attention to the discrepancies existing between the determination 
of the magnetic elements by various observatory and magnetic survey 
instruments. These discrepancies frequently exceed the errors of obser- 
vation. At the recent meeting of the International Meteorological 
Conference held at Innsbruck in 1905. renewed consideration was given 
this important matter by its Committee on Terrestrial Magnetism. 

The extensive magnetic operations of the Carnegie Institution of 
Washington have necessitated giving the adoption of an ** International 
Standard " correct to within at least the allowable error of field observa- 
tions early consideration. In the course of the work thus far executed, 
comparisons have been obtained between the following magnetic ob- 
servatories : Cheltenham (Maryland), Toronto - Agincourt (Canada), 
Baldwin (Kansas), Mexico (Mexico), Havana (Cuba), Sitka (Alaska), 
Honolulu (Hawaii), Apia (Samoa), Tokio (Japan), Zi-ka-wei (China) 
Hongkong (China), Christchurch (New Zealand), Sydney and Melbourne 
(Australia). Further comparisons will be obtained in 190S-9 in Europe, 
Africa and Asia in the course of magnetic work to be executed during 
this period. 

Combining all the comparisons made up to date by various investi- 
gators and organizations, for which the data are at present on hand, it 
would appear possible to come to some preliminary decision as to the 
approximate corrections of some of the observatory standards upon an 
** International Standard.** For example, tabulating the results of the 
horizontal intensity comparisons made since 1897, it is found that the 
Potsdam standard invariably is low on Kew, Pare St. Maur, Pawlowsk, 
Rome, and Pola, by amounts varying from 5 7 (.ooo2H)to 45 7 (.oo25H).i 
On the average, of the observatories named, the values of horizontal 
intensity, H^ observed with the Potsdam Standard would require to be 

* It is not correct to assume that the intensity correction of a magrnetometer, 
expressed in absolute units, will remain the same with change of magnetic field, 
the amount of the correction depending, in fact, upon the absolute value of the 
intensity at the place of observation. Prom whatever source the correction arises 
it can be expressed, with close approximation, by a simple ratio change, f. e.^ a factor 
multiplied into the first power of the value of the intensity ; only in certain extreme 
cases will a second term involving the second power of the intensity enter in appre- 
ciably. 

3 161 
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increased by about 21 7 (.001//). It would likewise appear that the 
Potsdam instrument might give too large west declinations (or too 
small east declinations) by about %' or %' on an '* International 
Standard." 

The Cheltenham Standard, to which all the magnetometers of the 
Coast and Geodetic Survey and of the Carnegie Institution have been 
referred in the past, would appear to give too large value of H by 
about o.ooi H on an '* International Standard.** This is shown not only 
by the comparisons referred to in the previous paragraphs, but also by the 
intercomparisons of the instruments in the United States alone, as well 
as by the comparisons made in 1904 by Dr. Unke^ between Chelten- 
ham and Potsdam, and comparisons made with his instrument at Apia 
by the ** Galilee " in 1906. About sixteen magnetometers of the most 
varied design and make, belonging partly to the Coast Survey and 
partly to the Carnegie Institution, for each of which all the various 
constants have been completely determined so as to make each instru- 
ment an absolute or independent one have been compared ^ at various 
times during the past years with the large Wild-Edelmann magneto- 
meter used as standard at the Cheltenham Observatory. Frequent 
checks upon the results of these comparisons have been obtained by 
intercomparisons of the various individual instruments in the field or 
at the observatories to which they were assigned. Almost invariably 
it has been found that the correction for the horizontal intensity deter- 
minations made with these sixteen instruments is positive on Chelten- 
ham, so that in turn the Cheltenham standard would give horizontal 
intensities too high on the average of the sixteen independent mag- 
netometers by about o.ooiH. 

Kew appears to come very close to an *' International Standard.** It 
may also be recalled that Watson*s revised determination of the value 
of the horizontal intensity in international units agreed practically with 
that derived from the Kew magnetometer.' 

Judging from Linke*s result of the comparisons between Potsdam 
and Cheltenham, it would seem that the " International Standard *' is, 
moreover, about midway between these two observatories. / have de- 
cided for the present at least, as a matter of convenience, to accept the 
Cheltenham H standard diminished by o.ooiH as the provisioncU Interna- 
tional Standard for the Carnegie Institution work. It is believed that 
this will be found correct on an "Absolute International Standard ** to 
within ±0.0005//., or one two-thousandth part. 

As far as the corrections to declinations observed with different in- 

1 P. LiNKB. Vergleich der Messung: der Horizontal in tensi tat des Brdmagnc- 
tismus in Potsdam und Cheltenham in Jahre, 1904. Nach. Geaell. Wiss. Got- 
tingen, 1907. 

^Cf. Chree, C: Mr. Watson's comparison at Kew Observatory, Terr. Mag., 
vol. VII, 1902, p. 199. 
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struments are concerned, the experience up to date has been that the 
differences between any two carefully constructed instruments are gen- 
erally below 2\ and that the corrections on any one standard are, in 
general, less than i\ Only in a few cases, unless there is some radical 
defect, does the correction amount to more than 2\ In mtercomparing 
instruments, experience has repeatedly shown that the declinattan cam- 
parisons shauldy by all means, be included. 

The experience in the Coast and Geodetic Survey and the Carnegie 
Institution have been that good, modern earth-inductors of varied make 
will give values of the inclination agreeing within a fraction of a min- 
ute. The corrections for dip needles will receive special attention in a 
future paper. 

In conclusion, it may not be amiss to point out a few matters which 
experience has shown highly desirable in intercomparison work of the 
highest order. 

a. Every precaution should be taken to eliminate local differences in 
the magnetic field between stations occupied by standard and by instru- 
ment compared, either by the method of exchange of stations or by 
some special investigation. [It has happened that the instrument com- 
pared could not be mounted at the place of the observatory standard, 
and the assumption was made that for lack of a priori reasons to the 
contrary, the magnetic field at the two stations was precisely the same. 
More care in this matter appears essential. By previous notification to 
the director of the observatory to be visited, arrangements can usually 
be made to permit of exchange or occupation of identical stations.] 

b. The observations between the instruments should be strictly 
simultaneous, each observer, if not following the identical method, 
adopting one of equal value, at least, the observations with each instru- 
ment being reduced preferably (though not necessarily in this instance) 
to the same basis with the aid of the observatory registrations. If 
simultaneous observations between two observers are not possible, then 
special standardizations of base lines of magnetographs before and after 
the comparisons by the observatory staff are required. 

c It is extremely desirable that the instrument compared be an ab- 
solute instrument with constants well determined, and that frequent 
controls be had in the course of the work upon those of the constants 
likely to suffer change in transportation.' The observer and observa- 
tory should reduce their observations and compare results at once, so 
that an3rthing which does not appear quite right can be immediately 
investigated, thus avoiding needless worry and useless future corre- 
spondence. It appears unfair to an observatory, after the interruption 

1 This does not prevent the observer using his instrument, of course, also as a 
porelj relative one, if he prefers. 
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in its work necessarily caused by the comparisons, not to be informed 
promptly of the general results. A long delay, in fact, may defeat in 
some measure the very object of the comparisons. 

d. A really successful and valuable comparison supposes a careful 
individual study of the instruments compared. Thus, for example, any 
magnetic impurity in the materials of which the instrument is con- 
structed will have different eflfects according to its orientation with 
respect to the magnet system. The comparisons should, therefore, in- 
clude every possible relative orientation of the various parts concerned 
and be made in fact under the most varied conditions possible. There 
are, indeed, so many points to be considered, that the most successful 
results can be hoped for only from one who can make a specialty of 
this kind of work. Fortunately for the requirements of magnetic sur- 
vey work the highest refinement is not demanded. For observatory 
work, however, careful attention is required as to the "constancy" of 
the observatory standards. It would be highly desirable to have two 
separate sets of absolute instruments, one set for regular use which is 
compared, say, once a month with the second or reserve set. [In some 
instances, because of change of constants or of instruments or for 
some other uninvestigated cause, the observatory observations can not 
be used as effectively for the determination of secular variation as good 
field observations.] 

e. Complexities and multiplicity of instrumental parts will, in gen- 
eral, be found detrimental. The massing of any metal near the mag- 
nets is to be avoided. If copper dampers are used, they must be care- 
fully tested as to freedom from magnetic impurities. [Judging from the 
experience had with various instrument makers, the procuring of abso- 
lutely pure brass or copper is apparently not a simple matter. The 
only safeguard appears to be in making the magnet house of wood and 
sufficiently large so that the suspended magnet will come far enough 
away from the metal parts. The magnetometers with brass magnet 
houses have been found, in general, either owing to impurities, or to 
damping effects, or to some other as yet undiscovered cause, to have 
appreciable corrections, especially to the H determinations.] 

i. Dip intercomparisons are preferably to be made with approved 
earth-inductors, and not with dip circles, as the corrections to dip 
needles are known to be a function of the dip. However, the question 
of constancy of earth-inductor results in all magnetic latitudes requires 
early consideration. 
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THE LIFE AND WORK OF MAURITS SNELLEN (1840-1907) 

By E. VAN EVERDINGEN. 

Maurits Snbllbn was born on April i, 1840, in the village of Zeist, 
not far from Utrecht. After visiting the gymnasium at Gonda, he 
entered the University of Leiden and devoted himself to the study of 
mathematics and physics. As a result of this study, he obtained the 
degree of doctor of mathematics and physics in 1865. From 1863 to 1864 
he was a teacher of physics and mechanics at Leiden, then from 1864 to 
*67, teacher of physics in the gymnasium at Groningen, and lastly from 
*67 to '73 teacher of mathematics at Delft. He then gave up teaching 
and entered the Physical Laboratory of the University of Utrecht as 
assistant to Professor Buys Ballot, who at the same time occupied the 
position of Director of the Royal Dutch Meteorological Institute. 

Snellen soon became engaged in meteorological work, especially in 
the magnetic branch, and so he entered upon his career as meteorologist 
in 1877 as Director of the First Section of the Institute. In this position 
he remained until 1891, when, after the death of Buys Ballot, he was 
appointed Chief-Director. In 1889 he was admitted as private-lecturer in 
meteorology at the University of Utrecht. In 1902 a reorganization took 
place, and he was appointed Director of a newly created section for 
terrestrial magnetism and seismology. This new position he resigned 
Nov. I, 1905, and settled down at Apeldoom. The "otium cum dignitate** 
he had so well deserved, was however not to be long: in the summer of 
1907 the first symptoms of a serious illness appeared, which caused his 
death on October 20, at the age of 67. 

Among the prominent features of his work as a meteorologist we 
must first of all mention his share in the Dutch North Polar Expedition 
on the "Varna" in i882-'83. This expedition formed part of a great 
international enterprise; its aim was to reach Dicksonhaven at the 
mouth of the Jenissei and to erect there a station for meteorological and 
magnetic work, observations of aurora borealis, etc. Snellen was ap- 
pointed leader, and started with a scientific staff of four members, five 
other companions and the crew of the "Varna" from Hammerfest, in 
July 1882. Together with a Danish expedition on the "Dymphna" they 
met however with very unfavorable ice-conditions, which resulted in 
their being enclosed in a very large ice-field, drifting to and fro during 
the winter, so as to render impossible a considerable part of the work 
planned. Nevertheless, important material was obtained, and, though the 
"Varna" was lost, the collections were brought home by the "Dymphna." 
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The members of the expedition and the crew of the •• Varna " made their 
way home over the ice and on August 20, 1883. reached Waigatz without 
a single accident. 

A general account of the expedition was published by Snellen in *86 ; 
an abstract of the meteorological results appeared in the "Meteor. 
Zeitschrifl" for July. 1893. 

Another important fact was the erection of new buildings for the 
Central Observatory in an excellent site at De Bilt, and of separate 
observatories for the magnetic work. The latter were described and 




Mbtboroi«ogicai« Institute, Db Bilt, Utrbcht. 
[Main Building.] 

illustrated in Terr. Magnetism, Vol. V, 1900, pp. 49-58; we add a view 
of the Central Building, with its tower for wind and other observations, 
which, because of the proximity of the magnetic observatories, was 
constructed principally of wood. Many a storm has passed over this 
tower during the twelve years of its existence— but it stands as firm as 
ever. It is a pity that we can't say as much of the magnetic observatory 
for variation observations. Those who have read the article above 
mentioned and have noticed the extreme care with which all the mate- 
rials for the construction of this observatory had been tested as to their 
magnetic properties, and the whole building had been planned, will 
realize the severity of the blow felt by Snellen, when, owing to some 
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defect in the heating apparatus, the observatory was ruined by fire in 
November, 1902.1 

If the list of Snellen's scientific publications is not longer than it is, 
it must be kept in mind that the two subjects mentioned above occupied 
him for many years, and that only lately the conditions at the Dutch 
Meteorological Institute have improved so as to allow the Directors to 
give a larger portion of their time to purely scientific matters. Among 
the publications mentioned we find a large proportion devoted to instru- 
mental and practical subjects. The popularizing of lightning conductors 
was one of his favorite occupations ; a report for the Upsala meeting of 
the Meteorological Committee on the telemeteorography shows his 
interest in this important matter; his last publications dealt with a 
series of practical hints with regard to magnetic instruments. 

Snellen was very popular at Congresses; we find his name at almost 
all the meetings since Rome; he was a member of the meteorological 
Committee, of the Commission for Weather-telegraphy and of the Mag- 
netic Commission. Many were the improvements in the weather- 
telegraphy system of the Netherlands obtained by the good relations he 
kept up with the Institutes in neighboring countries. Even after his 
retirement as Director at De Bilt, he remained a member of the Magnetic 
Commission and devoted part of his time to the editing of the publica- 
tion *' Caract^re magn^tique de chaque jour**. Only four weeks before 
his death he was obliged to leave this work to others. The Dutch 
Meteorological Institute, in continuing this work, will be glad thus to 
hold its former Director in due veneration. 

Ust of Publications. 

1. Over de optiesche eigenschappen der metalen. Inaugural disserta- 
tion, Leiden, 1865. 

2. Sur un hygrom^tre ^ balance. Archives N^rlandaises, T VI, 1874. 

3. Le t^l^m^t^rographe d*011and. Archives N^rlandaises, T XIV, 1879. 

4. De Nederlandsche Pool-expeditie i882-*83. Utrecht, 1886. 

5. Bliksemgevaar bij telefoongeleidingen. Album der Natuur, 1887. 

6. De bliksemafleider. Amsterdam, 1888. 

7. De verificatie van thermometers. Handelingen Natuur-en Geneesk. 
Congres, Leiden, 1889. 

8. The climate of the Netherlands. Report Chicago Meteorological 
Congress, 1894. 

9. Le climat des Pays-Bas (chiefly a French translation of the form**** 
on the occasion of the " Vie Congres International de Navigation 
Int^rieure. La Haye, 1894**.) 

> If the observatory is restored, as we trust wiU soon be the case, when the difficuUie» 
arising from the project of a trolley-car line in the vicinity of the observatory are avoided 
by insistence upon a double trolley, the construction probably will be simplified by 
omitting the heating and cooling arrangement and tolerating a small fluctuation of the 
temperature throughout the year. 
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10. T^l^m^^orographie. Rapport Comity M6t^r. Intern. Upsala, 1894. 

1 1. Le paratonnerre consid^r^ au point de vue physique, social et moraL 
Congr^ Intern, du Service d*Incendie. Amsterdam, 1895. ( Also a 
German abstract, Pener und Wasser, Frankfurt, 1896.) 

12. Beknopt geschiedkundig overzicht van de beoefeniug der meteorolo- 
gie in bet algemeen en van die in Nederland in bet bijzonder. 
(Speech delivered at the occasion of the inauguration of the new 
buildings of the Royal Dutch Meteor. Institute at De Bilt) Utrecht 

1897. 

13. lets over bet klimaat van Suriname. (Catalogue West Indian 
Exhibition, Haarlem, 1899.) 

14. The magnetic observatory at De Bilt, near Utrecht Terrestrial 
Magnetism, 1900. 

15. Einige Neuerungen an erdmagnetischen Messapparaten. Hann- 
Band Meteor. Zeitschrifl, 1906. 

In addition to these it can be mentioned that Snellen published a 
biographical sketch of Buys Ballot in the " Meteorologisch Jaarboek^ 
for 1892 ; he also controlled the Dutch translation of the account of 
the Polar expedition of Nansen and of the Duke of Abruzzis. 
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DIE MAGNETISCHEN OBSERVATORIEN DES PREUSSISCHEN 
METEOROLOGISCHEN INSTITUTS. 

Von Adoi^f Schmidt. 

Das magnetische Observatorium zu Potsdam bildet mit seiner seit 
Beginn dieses Jahres tatigen Aussenstation bei Seddin (s. Terr. Magn. 
Vol. XII, p. 79) eine Abteilung des Preussischen Meteorologischen Insti- 
tuts (Direktor G. Hellmann, vorher W. von Bezold, j-17. Feb. 1907, s. 
T. M. Vol. VI., p. 144), der zugleich die magnetische Landesaufnabme 
abertragen ist. Gegriindet wurde es 1889 als Teil des meteorologisch- 
magnetischen Observatoriums zu Potsdam (Vorsteher A. Sprung, der 
auch die Aufsicht iiber den 1888 beginnenden Bau fuhrte), geleitet zuerst 
von M. Eschenhagen (j- 12. Nov. 1901, s. T. M. Vol. VII, p. j-j), der die 
innere Einrichtung und die eigenartige Ordnung des Betriebs schuf, und 
nach seinem Tode, bis Ende September 1902, vertretungsweise von J. 
Edler (f 2. Juli 1905, s. T. M. Vol. X, p. 192). Die regelmassigen Beob. 
achtungen begannen am i. Januar 1890. 

Als wissenschaftliche Beamte oder freiwillige Mitarbeiter waren bis- 
her am Observatorium und in der magnetischen Abteilung des Instituts 
die folgenden Herren (einzelne allerdings nur ganz kurze Zeit) tatig: M. 
Eschenhagen (1889-1901), Th. Arendt (1890-91). M. Brendel (1891), Kop- 
pen (1891), O. Baschin (1891), Heuer (1891), G. Liideling (1892-1900), J. 
Edler (1894. 1898-1905), R. Siiring (1895), G. Schwalbe (1896-97). O. 
Tetens (1896-97), W. Marten (1898), A. Nippoldt (seit 1898), F. Linke 
(1901-02), P.,Schulze (1901-02), O. Venske (seit 1902), Ad. Schmidt (seit 
1902, Vorsteher), W. Briickmann (seit 1905), W. Kiihl (seit 1906, speziell 
mit der Verwaltung der Seddiner Anstalt betraut). 

Die Stelle des Dieners, von dessen Geschicklichkeit und Zuverlassig- 
keit der glatte, ordnungsmassige Betrieb eines Observatoriums wesent- 
lich abhangig ist, bekleidete von 1896- 1902 Kleinert, seit 1904 Urbansky 
(190 1 bis 1903 bei der deutschen Siidpolarexpedition, Kerguelenstation, 
tatig). 

Die Hiilfsstation bei Seddin wurde errichtet, damit einige im Ver- 
kehrsinteresse gebotene elektrische Anlagen (Strassenbahn in Potsdam, 
Treidelbetrieb am Teltowkanal) eingerichtet werden konnten. Eine 
provisorische, von O. Venske verwaltete Station wurde von Juni bis De- 
zember 1906 wahrend des Baues und der Einrichtung der neuen Anstalt 
in ihrer Nahe unterhalten. Der Einfluss der genannten Anlagen tritt 
iibrigens in den laufenden Aufzeichnungen am Hauptobservatorium noch 
nicht hervor ; er bleibt noch hinter einigen anderen, bereits seit langerer 
Zeit merklichen Storungen zuriick. 
4 ^69 
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Die der Abteilung neben der Verwaltung des Observatoriums uber- 
tragene magnetische Vermessung des Konigreichs Preussen wurde in 
den Jahren 1897- 1903 ^^^ Eschenhagen, Tetens und Edler durchgefnhrt 
und 1906 durch eine von Nippoldt ausgefuhrte Aufiiahme von Sudwest- 
Deutschland erweitert Als Basisstation diente im allgemeinen Pots- 
dam, nur bei der Vermessung der am weitesten von dieser entfemten Ge- 
biete im Nordosten (1899) und Siidwesten (1906) wurden registrierende 
Hiilfsstationen in Marienburg und Strassburg eingerichtet 

Seit 1906 findet eine auf Deklinationsmessungen beschrankte, sehr 
eingehende Aufnahme des grossen Storungsgebiets im Nordosten der 
Monarchie (die Provinzen West- und Ostpreussen umfassend) statt, die 
von den Beamten der Trigonometriscben Abteilung des Generalstabs bei 
Gelegenheit der geodatiscben Messungen ausgefiihrt wird. Die Verar- 
beitung der Resultate erfolgt in Potsdam. 

Aus Anlass der Sonnenfinstemis am 30. August 1905 errichtete das 
preussische meteorologiscbe Institut eine Station bei Burgos, an der 
A. Nippoldt magnetiscbe Beobachtungen ausftihrte. 

Im Winter von 1906 auf 1907 wurde in einem Kohlenbergwerk eine 
registrierende Doppelstation mit einem Hobenunterschied von etwa 800 
m unterhalten. (s. T. M. Vol. XI. p. 181.) 

Lagb dbr Obsbrvatoribn. 
Oft Gcogr. Br. Geogr. Lg. v. Grw. Scchohe 

Potsdam, Var. Obs. 52** 22' 56.'' 4N 13** 03^ 5i'^o; oJ» 52m I5.» 4E 86™ 
Potsdam. Abs. Obs. 52 22 57. 4N 13 03 46.5 o 52 15. iS 77 
Seddin. 52 16.7 N 13 00.6 o 52 02 E 45 

Gbbaudb. 

Das Potsdamer Observatorium besitzt ein steinemes Variationshaus 
mit unterirdiscben, durch starke doppelte Mauem gescbiitzten. durch 
GasheizungnahezuaufunveranderterTemperatur (21®) gehaltenen Rau- 
men fur die Variationsinstrumente ; die Raume im Erdgeschoss dienten 
friiher ftir alle absoluten Messungen. jetzt nur ftir diejenigen der Inklina- 
tion. (Naheres in den Veroffentlichungen fur 1890, 91 und in T. M. Vol. 
I, p. 96.) Seit 1897 ist hierzu ein holzemes. gleichfalls mit Gasofen ver- 
sehenes Gebaude fiir die absoluten Messungen gekommen. von denen 
jetzt diejenigen der Deklination und der Horizontalintensitat hier ausge- 
fiihrt werden. 

Das Seddiner Observatorium ist ein oberirdischer doppelwandiger 
Holzbau. bei dem auf Heizung verzichtitt und auch nur soweit Vorsorge 
gegen das EindHngfen der ausseren Temperaturschwankungen getroffen 
worden ist, dass ein von schnellen unregelmassigen Aenderungen freier 
Temperaturgang erzielt wird. Der jahrliche Gang der Temperatur bleibt 
voll bestehen, der tagliche ist etwa auf \ verringert. Ein steinernes Haus 
mit Arbeits- und Schlafraumen liegt 80m siidostlich vom Observatorium. 
Die ganze Anlage, die von einem hohen Zaun von 150m im Quadrat um- 
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geben ist, liegt inmitten eines ausgedehnten Waldes etwa 200m von einer 
Chaussee und der dortigen Oberfbrsterei entfernt. Den taglichen 
Dienst versehen ortsansassige Hiilfskrafte (in erster Linie ein Forster) ; 
durchschnittlich einmal wochentlich besucht ein Beamter des Potsdamer 
Observatoriums die gegen 13 km. entfernte Station, die mit jenem durch 
eine eigene Telephonleitung verbunden ist. 

INSTRUMENTE FUR ABSOLUTE MBSSUNGEN. 

Magnetischer Theodolit von Wanschaff mit Schwingungskasten, seit 
1893 fiir die absoluten Messungen der Deklination und Horizontal- 
intensitat gebraucht. 

Magnetischer Theodolit von Bamberg mit einem besonderen drehbaren 
Lager ftir den Ablenkungsmagnet zur Messung seiner Kinwirkung 
in verschiedenen I^agen. 

Bifilarmagnetometer nach Kohlrausch. 

Inklinatorium von Bamberg, bis 1900 Hauptinstrument fiir die Mes- 
sungen der Inklination. 

Brdinduktor nach L. Weber, von 1896 bis 1901 zu regelmassigen Inkli- 
nationsbeobachtungen benutzt. (Verofifentlicbung fiir 1901, p. XIX.) 

Rotationsinduktor von Schulze (Nr. i) nach Wild-Eschenhagen, seit 1901 
Hauptinstrument ftir die laufenden Inklinationsbestimmungen. 
(Ebendort p. XXII.>) 

Reiseinstrument von Hechelmann (Theodolit und Nadelinklinatorium). 
Mit ihm ist die ganze zuvor erwahnte Landesaufnahme durchge- 
fiihrt worden ; es hat femcr zu der anschliessenden Vermessung 
des Konigreichs Sacbsen durch Gollnitz (1907) gedient. 

Reiseinstrument von Tesdorpf (Theodolit und Nadelinklinatorium. Be- 
schrieben von Haussmann in der 2^itschrift fiir Instrumenten- 
kunde, 1906, p. 2.) Dieses Instrument wird zur Zeit noch etwas um- 
gebaut, so dass es die Untersuchung systematischer Pehler gestattet. 
£s soil zu den geplanten Vergleichsbeobachtungen mit den Haupt- 
instrumenten anderer Observatorien dienen. 

Variationsinstrumente und Magnetographen. 
In Potsdam f est au/gestellt: 
Unifilar, Bifilar und Wage von Edelmann nach Wild zur Ablesung 
von einem Platze aus. (Am Observatorium als Kontrollsystem be- 
zeichnet.) 

Unifilar, Bifilar und Wage nach Mascart mit Magnetograph von Wan- 
schaff nach Eschenhagen zur photographischen Registrierung. (Soge- 
nanntes Hauptsystem.) I^ange der Abszisse fiir eine Stunde: 20mm. 
Ebenso bei alien folgenden Apparaten. 

ilnstrumente von derselben Beschaffenheit sind an den Observatorien in Porto 
Rico, Sitka, Batavia, Melbourne, Zi-ka-wei im Gebrauch. Alle diese sind mit dem 
hiesigen verglichen worden. 
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hi Seddinfest aufgesteUt: 

Zwei Unifilare und eine Wage (s.T. M.Vol. XII, p. 87) mit Rcgistrierap- 
parat ftir 4 Variometer. Die drei genannten dienen znr Messmig der 
Variationcn der Komponenten X, Y, Z. (Daneben wird gelegentlich D 
beobachtet.) 

Transportable Apparate. 

Vier Unifilare und eine Wage von Toepfer (Peinmagnetometer nach 
Eschenhagen), eine Universal wage (Versuchsinstrument) fiir Messung 
der Variation in jeder beliebigen Richtung. Drei Registrierapparate 
von Toepfer, ein solcher von Schulze. Die meisten von diesen Instm- 
menten sind gegenwartig in Seddin so aufgestellt, dass sie jederzeit als 
Ersatz oder zu besonderen Aufzeichnungen mit erhohter Empfindlich- 
keit benutzt werden konnen. 

Veroffentuchungen. 

Die laufenden Publikationen des Observatoriums erscheinen tinter 
dem Titel : Veroffentlichungen des Koniglich Preossischen Meteorologi- 
schen Instituts; Ergebnisse der magnetischen Beobachtungeu in Pots- 
dam. Sie enthalten ausfiihrlichen Text, eingehende Angaben iiber die 
absoluten Messungen, absolute stiindliche Werte von D, H, Z fur jeden 
Tag und im Monatsmittel, Monatsiibersichten nebst Halbjahres- und 
Jahresmitteln des taglichen Ganges von D, H, Z, /, F, X, Kebensolche 
fur die Anzahl und die Verteilung der gestorten Stunden iiber den Tag, 
graphische Darstellung aller dieser nach Monatsmitteln gegebenen Re- 
sultate, Vektordiagramme. 

Vollstandig erschienen sind bisher die Jahrgange : 
1890 und 1 89 1 als ein Band, der ausserdem die ausfuhrliche Beschrei- 

bung des Potsdamer Observatoriums und seiner Einrichtungen ent- 

halt. 

1901 mit einem Nachnif auf Max Eschenhagen von W. von Bezold. 

1902 mit einem Anhange von A. Nippoldt : Ergebnisse der Terminbe- 
obachtungen am Observatorium zu Potsdam wabrend des intema- 
tionalen Polarjahres 1902-1903. Ausserdem sind in diesem Heft 
die Hauptergebnisse der Beobachtungeu Monatsmittel der abso- 
luten Werte aller Eleraente und des taglichen Ganges von D, //, Z^ 
in den Jahren 1903 und 1904 raitgeteilt. 

Von den Jahrgangen 1892 bis 1900 sind bisher die stiindlichen Werte 
von D, Hy Z nebst den oben naher bezeichneten Monatsiibersichten und 
graphischen Tafeln im Druck erschienen ; der Text und die Angaben 
iiber die absoluten Messungen sollen in einer zusammenfassenden Dar- 
stellung nachtraglich veroffentlicht werden. Das Heft fur 1896 enthalt 
einen Anhang von M. Eschenhagen: Internationale Magnetische Si- 
multanbeobachtungen 1896. 

Mit Jahrgang 1905, dessen Druck nahezu abgeschlossen ist. treten 
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mehrere wesentliche Aenderungen ein. Vor allem werden statt stUnd- 
licher Augenblickswerte nach Ortszeit die Mittelwerte der einzelnen 
Stnnden nach Greenwicher Zeit fur jeden Tag und zwar fur die Kom- 
pcMienten X^ V, Z gegeben. Hinzugefiigt wird femer die Darstellung 
des taglichen Ganges durch trigonometrische Reihen, die iibrigens in- 
zwischen auch fur die friiheren Jahre durchgefuhrt worden ist und dem- 
nachst veroffentlicht werden soil. 

Eine Zusammenstellung der Jahresmittel der Blemente nebst cinigen 
weiteren Mitteilungen wird alljahrlich — zum ersten Male ffir das Jahr 
1895 — in den Annalen der Physik veroffentlicht. 

Die taglichen Werte der Dekliuation fur 8^ a. m. und i>> p. m. und 
^e Tagesmittel sowie die Storungscharakterzahlen sind ftir die Jahre 
1902- 1 904 in den Mitteilungen aus dem Markscheiderwesen, Heft 5-7, 
mitgeteilt Heft 8 dieser Zeitschrift entbalt Monats- und Jahresmittel 
der Blemente fiir 1904 und 1905. 

Seit Ende 1903 werden lithographische Vervielfaltigungen der Kur- 
ven von starkeren Storungen hergestellt und an andere Observatorien 
wie auch auf Wunsch an Gelehrte, die ein Interesse daran baben, ver- 
sandt Solche Kopiep sind bisher fur folgende Zeitabschnitte erschienen : 
1903: Dez. 13, ii^»- 14. i2^» Grw. Zeit; 1904: 15, 21** -16, 23**, Marz, 31, 
^ih- April I, 241*, Mai 12, 4*»- 14, 7^. Mai 27, i6^»- 29, 2'*, Juni 15, i2>>- 
16, 8*>, Juli 6, 6*>- 7, 8h, Aug. i, 2i»»- 2, 22*», Aug. 3, 13^- 4, 2i>>, Sept. 
24, i8h- 25. 2ih, Okt. 6, 23»»- 8, 23^*, Okt. 21, 8»»- 22. 7h, Nov. 4, 4*. 6, 
II**; 1905 : Jan. 5, \7> - 6. 2o*> , Feb. 3, o^ - 4» Q** . Marz 2, o*> - 3, 7*» , April 

I, oi>- 2, 7»», Juli 5, 2i»»- 7, 8*>, Aug. 2, o*»- 3, 2*>, Nov. 12, d^- 13, 2^, 
Nov. 15, \iC^' 16, 22»»; 1906: Jan. 31, I2*». Feb. i, I2»», Feb. 24. 8h- 26, 
24^, April 28, i2*»-29, 23»',Mai 13, 2oi>- 15, 24**, Juli n, 9h. 12, i9h, 
Aug. 7, I3»>- 8, 24>>, Sept. 22, I2»»- 23, 6»>, Nov. 21, J2*»- 22, 12^, Dez. 21, 
2i'>- 23. 7^; 1907: Jan. 10, i6*»- 11. 24»», Feb. 9, 13^- 14, i6»>, Marz 10, i^- 

II, 4*>, Marz 11, i6*»- 13, i*>, Marz 21, 12^- 22, io*>, Sept. 10, i2*>- 11, s**, 
Okt. 13, 7** - 15, 11**, Nov. 21, 9*> - 23*> . Ausserdem fiir 1905, Aug. 30, lo** - 
16^ (Sonnenfinstemis) aus Potsdam und Burgos. 

Neben diesen amtlichen oder halbamtlichen sind eine Reihe von pri- 
vaten Veroffentlichungen zu nennen, in denen Ergebnisse der am Pots- 
damer Observatorium gewonnenen Beobachtungen mitgeteilt und bear- 
beitet werden. In der nachstehenden Uebersicht solcher Arbeiten sind 
diejenigen von M. Eschenhagen und J. Edler ausgelassen, die sich be- 
reits in dieser Zeitschrift (Vol. VII, p. 79 und Vol. X, p. 194) angegeben 
finden. 

M. Eschenhagen : Beobachtung des Erdbebens von Laibach im mag- 
netischen Observatorium zu Potsdam. Himmel und Erde, Bd. 

VII, 1895, p. 477. 

Th. Arendt : Beziehungen der elektrischen Erscheinungen unserer At- 
mosphare zum Erdmagnetismus. Das Wetter, Bd. XIII, 1896, p. 
241, 265. 
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Th. Arendt : Zum Polarlicht vom 9. September. Das Wetter, Bd. XV, 

1898, p. 241, 265. 
G. SCHWALBK: Mitteilungen iiber die jahrliche Periode der erdmagneti- 

schen Kraft. Meteorologische Zeitschrift. Bd. XV, 1898. p. 449. 
G. LuDELiNG : Ergebnisse zehnjahriger magnetischer Beobachtungen in 

Potsdam. Abhandlungen des Kgl. Preussischen Meteorologischen 

Instituts, Bd. I, 1901, p. 327. 
G. LuDELiNG : Ergebnisse zehnjahriger magnetischer Beobachtungen in 

Potsdam. Physikalische Zeitschrift, Bd. Ill, 1902, p. 203. 
Kr. Birkeland: Expedition Norv^gienne de 1899-1900 pour V ^tnde 

des aurores hordes. R^sultats des recherches magn^tiques. 

Christiania 1901. (Das Buch enthalt Angaben iiber die Ergebnisse 

simultaner Registrierungen an der Station der Expedition, Haldde, 

und in Postdam.) 
Th. Arendt: Erdmagnetische Pulsationen. Naturwissenschaftliche 

Rundschau, Bd. XVIII, 1903, p. 105, 117. 
Ad. Schmidt: Die magnetische Stoning am 31. Oktober und i. No- 
vember 1903 zu Potsdam. Meteorologische Zeitschrift, Bd. XXI, 

1904* p. 34. 

M. Maurer: Der magnetische Sturm am 31. Oktober und i. November 
1903. Annalen der Hydrographie, Bd. XXXII, 1904, p. 112. (Ent- 
halt unter anderm eine Reproduktion des in Potsdam beobachteten 
und einheitlich verarbeiteten Storungsverlaufs.) 

A. NiPPOLDT : On the investigation of simultaneous occurrences in the 
solar activity and terrestrial magnetism. Astrophysical Journal, Bd: 
XX, 1904, p. 202 

A. NiPPOLDT : Zum Einfluss der totalen Sonnenfinstemis vom 30. Au- 
gust 1905 auf die erdmagnetischen Variationen. Physikalische 
Zeitschrift, Bd. VII, 1906, p. 242. 

Ad. Schmidt: Der sakulare Gang der magnetischen Deklination von 
1890 bis 1906 nach den Beobachtungen des Observatoriums zu Pots- 
dam. Anhang zum Jahresbericht des Berliner Zweigvereins der 
deutschen Meteorologischen Gesellschaft iiber das 23. Vereinsjahr 
1906.* 

A. NiPPOLDT : Vorlaufige Ergebnisse der magnetischen Irandesaufnahme 
von Baden, Hessen und Elsass-Lothringen. Meteorologische Zeit- 
schrift, Bd. XXIV, 1907, p. 507. 
Ausserdem sind noch folgende Artikel in den friiheren Banden dieses 

Journals zu nennen : 

Vol. I, p. 147. Vol. Ill, p. 187. Vol. VI, p. 31. Vol. VI, p. 169. 

Vol. VII, p. 155. 

* Ich benutze die Gelegenheit zu einer Berichtigung. Die auf Seite 17 (im 
Sonderabdruck S. 5) erwahnte, dem Jahrbuch des Observatoriums zu Katharinen- 
burg entnommene interessante Peststellung uber die sakulare Variation ruhrt nicht 
vota MtiUer, sondem von Abels her. 
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MEAN VALUES OF THE MAGNETIC ELEMENTS AT 
OBSERVATORIES » 

Compiled by J. A. Pi^bbong. 















Intensity 


Placb 


Latitude 


Longitude 


Year 


Declination 


Inclination 


(C. G. 8. nnits) 




Hor»l 


Vertical 




o / 


/ 




/ 


/ 






Pawlowsk, 


5941 N 


30 29 E 


1900 
I90I 
1902 

1903 
1904 


37.6 E 
41.9 E 
45-9E 
50.6 E 
55.1 E 


70 37.4 N 
70 36.3 N 
70 35.5 N 
70 35.5 N 
70 35.6 N 


.16548 

;S 

.16559 
.16552 


47Q50 
.47031 
.47012 


Sitka,* 


5703 N 


135 20 W 


1902 

1903 
1904 
1905 


29 51.2 E 
29 54.3 E 
29 56.7 E 

29 59.6 E 

30 03.2 E 


74 4aoN 
74 46.0 N 
74 44-5 N 
74 43.5 N 
74 41.7 N 


.15432 
.15446 
.15461 

.15484 
.15502 


.56799 
.56720 
.56678 
.56679 
.56645 


Katherinen- 
burg, 


5649N 


6038 E 


1900 
I901 
1902* 

'903 
1904 


10 04.0 E 
10 08.6 E 
10 134 E 
10 18.4 E 
10 22.9 E 


70 40.3 N 
70 4a8N 
70 44.2 N 
70 45.6 N 
70 46.7 N 


.17789 
.17778 
.17763 
.17738 
.17721 


.50718. 
.50708 
.50827 
.50821 
.50826 


Copenhagen, 


5541 N 


12 34 E 


1900 


10 12.2 W 


6839.QN 


.17513 


.44803. 


Plensburg, 


5447N 


9 26 E 


1902 
1903 


II 32.5 W 
II 28.0 W 


68 15.0 N 
68 12.5 N 


. . . 


. . . 


Barth, 


54 22 N 


12 45 E 


1902 
1903 


9 58.6 W 
9 52.9 w 


67 39.9 N 
67 37.6 N 


.18221 
.18261 


.44350^ 
.44363^ 


Stonyhurst, 


5351 N 


2 28 W 


1902 

'903 
1904 
19C5 
1906 


18 04.3 w 
18 01.9 W 
17 58.2 W 
17 53.5 w 
17 48.3 w 


68 46.2 N 
68 49.6 N 
68 48.2 N 
68 46.5 N 
68 48.1 N 


.17356 
.17369 
.17392 
.17368 
.17372 


44678 
.44833 
44845 
44718 

.44795 


Hamburg, 


53 34 N 10 03 E 
SI t^ N 50 E 


1900 
1901 
1902 
1903 


II 18.1W 
11 16.0 w 

II I6.6W 

II 10.2 w 


.... 


.18152 


. . . 








67 23.5 N 


.18x26 


.43527 



* Largely from compilations by Dr. Charles Chree in ** Report of the Observf*- 
tory Department of the National Physical Laboratory for the years 1901, 1902, 1903. 
1904, 1905, and 1906"; with additions by Jno. A. Fleming, Department Terrestrial 
Ifagnetism, Carnegie Institution of Washington. See tables for previous years in 
Terr. Mag. v. IV, p. 135 ; v. V, p. 128, and v. VIII. p. 7. 

' Means from values Dec-Jan. preceding and following. 

'Substitution Earth Inductor has caused a discontinuity of about +2/5 and 
corresponding change in ^Tas compared with previous years. 
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Latitude 


Umcitnde 


Year 


DecUnation 


Indinatkm 


Iniensitjr 
(C. G. 8. naita) 




Hof-l 


Vertical 


Wilhelms- 

haren, 

Potsdam, 
Irkutsk. 

dc BUt, 

(Utrecht) 

Valencia, 
(Ireland) 

Clanathal 


/ 

5» i3N 
52 16 N 
Sao6N 

5156N 
5148N 


/ 
8 09B 

13 04E 

104 16 £ 

5 II £ 

10 15 W 
28 oo£ 


1900 
190I 
1902 

1903 
1904 
1905 
1906 

1901* 
1902 

1903 
1904 

1905 

1900 
1901 
1902 

1903 
1904 

1900 
liOI 

1902 

1903 
1904 

1905 

1902 

1903' 
1904 

1905 

1906 

1896 

% 

1899 

1900 
1901 « 
1902 

1903 
1904 

1905 


/ 

12 27.7 W 
12 24.2 W 
12 21.2 W 
12 16.8 W 
12 12.6 W 
12 08.2 W 

12 054 W 

9 52.1 W 
9 48.0 W 

9 43.8 w 

9394W 
9 34.5 W 

2 01.3 £ 
2 oaS £ 
2 004 £ 

1 59.9 E 
I 59 4 E 

13 505 w 

13 46.2 W 

13 42.3 w 
13 37.2 W 

13 28.5 w 

21 24.2 W 
21 18.7 W 
21 15.2 W 
21 IO.dW 
21 06.3 W 

II 25.8 W 
II 19.7 w 

II 15.3 w 

II 07.8 w 
II 01.9 w 


/ 

6744.0 N 
67 394 N 
67 41.8 N 
67 36.9 N 
67 41.5 N 
67 40.2 N 
67 39-3 N 

66 22.8 N 
66 2a8N 
66 2ao N 
66 19.6 N 
66 19.3 N 

70 14.8 N 
70 16.7 N 
70 ia5 N 
70 21.4 N 
70 22.7 N 


.18095 
.18121 
.18134 

.18144 
.18163 
.18169 
.18178 

.18861 

.18873 
.18876 
.18880 
.18879 

.20129 
.20116 
.20098 
.20068 
.20043 

.18508 
.18524 
18547 
.18575 
.18561 
.18560 

.17833 
.17833 
.17840 

::^ 


44193 
44058 
44208 

44053 
.44268 

44235 
44224 

43128 

43090 
43070 
43065 
43051 

.56053 

.56220 
.56220 






66 52.8 N 
66 51.2 N 
6649.2 N 
66 48.5 N 

68 23.9 N 

68 22.4 N 
68 20.9 N 
68 19.2 N 
68 16.9 N 


43448 
43453 
43346 
43322 

45035 
44977 
44939 

^856 












































10 48.5 w 
10 47.0 w 

10 43.2 w 

10 40.3 w 


. . • • • 


. . . 


• . . 



























< Introduction of a new instrument has caused a discontinuity of about — 7.'5 
in I with corresponding changes in Zas compared to prerious years. 

* Owing to the change of hour of observation from June, 1903, H is slightly re- 
duced as compared to previous years, reduction being approximately 4y ; conseqn 
reduction in Z approximately 10 y; i y * o.ooooi C. G. S. 

* Repairs to declination variometer during 1901. 
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Placx 



Uitltttde 



Longitude 



Year 



Decliaation 



Inclination 



Intensity 
(C. G. 8. uniU) 



Hor'l Vertical 



Bodmm, 



Kew, 



Greenwich, 



Ucde, 

(Brussels) 



Falmouth, 



Prague, 



Cracow, 

8t Helier, 

(Jersey) 



Pare St Maur, 



o / 

51 29 N 



51 28 N 



51 28 N 



5048 N 



50 09 N 



SO 05 N 



50 04 N 
49 12 N 



48 49 N 



o / 

7 14 E 



o 19 W 



o 00 



4 21 £ 



505W 



14 25 E 



19 58 E 
2 05 W 



2 29 E 



190T 
1902 

1903 
1904 

1905 
1906 

1901 
1902 

1903 
1904 

1905 
1906 

1901 
1902 

1903 
1904 

1905 

1901 
1902 

1903 
1904 

1901 
1902 

1903 
1904 

1905 
1906 

1902 

1903 
1904 

1905 
1906 

1906 

1902 

1903 
1904 

1905 
1906 

1900 



T2 42.8 W 
2 39.4 W 

2 35-7W 

2 31.4 W 

2 27.2 W 

2 22.5 w 



6 48.9 W 

6 44.8 W 

40.5 W 

37.9 w 
32.9 w 

28.5 W 



6 26.0 W 
6 22.8 W 
[6 19.1W 
[6 15.0 W 
[6 09.9 W 

4 08.3 w 

4 03.1 W 

4 00.6 W 
3 57.7 W 

8 25.5 W 
8 21.5 W 
8 18.3 W 
8 20.0 W 
8 084W 
8 05.3 W 

8 57.6 W 
8 53.6 W 
8 48.7 W 
8 43-3 W 
8 38.2 W 

5 57.0W 

16 54.1 W 
16 50.4 W 
16 45.0W 
16 39.3 W 
16 31.7 W 

14454W 



67 09.5 N 
67 08.0 N 
67 06.5 N 
67 05.1 N 
67 03.8 N 
67 02.2 N 

67 06.1 N 
67 034 N 
67 00.9 N 
66 57.2 N 
66 55.9 N 

66 07.8 N 
66 07.0'N 
66 05.5'N 
66 04.8 N 

66 42.8 N 
66 40.4 N 
66 38.5 N 
66 37.8 N 
66 36.1 N 
66 33.7 N 



18451 

18488 
18504 
18510 
18520 

18481 
X8505 
18504 
18520 
18523 

18956 
18998^ 
19044' 
19075 

18720 
18737 
18759 
18759 
18749 
18790 

'^. 

20023 



43804 
43809 
43784 
43774 
4374a 
43709 

•43754 
43715 
43623 

43531 
43494 

42838 
4290s' 
42958' 
43006 

43495 
43451 
43436 
.43414 
43328 
43344 



65 40.3 N 
65 39.2 N 
65 37.3 N 
65 36.1 N 
65 35.0 N 

64 53.5 N 



.19738 



.42120 



' Means for January ist, preceding and following. 
5 
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Intensity 


Place 


Latitude 


Longi tilde 


\fX 


DedineUon 


Inclination 


(C. G. S. uniU) 






Hor'l 


Vertical 




/ 


/ 




/ 


/ 






Valjoycux,* 


4849N 


2biE 


1901 
1902 

1903 
1904 

1905 

1906 


15 12.0W 
15 08.6W 
15 04.4 w 
15 00.0 w 

14 55.7 w 
14 51.3 w 


64 58.9 N 
64 56.6 N 
64 54.7 N 
64 52.4 N 
64 50 5 N 
64 47.9 N 


.19680 
.19700 
.19711 
.19721 
.19728 
.19740 


42167 

-42139 
.42102 
42048 
42008 
41945 


Munich, 


4809 N 


II 37 E 


1899 

1900 
I90I 
1902 

1903 
1904 

1905 


ic 33.7 W 
10 27.9 w 


63 21.5 N 
63 18.5 N 


.20583 
.20610 


41029 
40993 














10 13.5 w 
10 08.7 w 
10 04.6 w 


63 11.4N 
63 10.7 N 
63 10.4 N 


.20647 
.20648 
.20652 


40856 
40838 
40836 


O'Gyalla, 
(Pesth) 


4753N 


18 12 E 


I90I 
1902 

1903^ 
1904 » 

1905 

1902 

1903 
1904 

1906 


7 234W 
7 18.5 W 
7 14.0 w 
7 08.7 W 
7 03.0 W 

9 15.1 W 
9 10.7 W 
9 06.0W 
9 oaiW 
854-4W 




.21175 
.21170 
.21178 
21144 
.21151 








62 27.3 N 
62 27.9 N 


40605 
40559 


Pola. 


4452N 


15 51 E 


60 10.6 N 
60 09.9 N 
60 07.9 N 
60 07.6 N 
60 06.0 N 


.22234 
.22225 
.22231 
.22226 
.22225 


.38784 
.38753 
•.38709 
.38695 
•38652 


Agincourt, 
(Toronto) 


43 47 N 


79 16 W 


1899 

1900 
I90I 
1902 

1903 
1904 
1905 

1906 


5 27.8 W 
5 28.8 W 
5 30.9W 
5 31.7W 
5 34.1 W 
5 38.4W 
5 42.2 W 
544.8W 


74 33.2 N 
74 32.5 N 
74 32.1 N 
74 32.1 N 
74 32.6 N 
74 33-2 N 
74 34.3 N 
74 350 N 


.16503 
.16512 
.16500 
.16488 
.16468 
.16444 
.16422 
•16397 


.59724 
.59709 
.59639 
.59595 
.59557 
.59507 
.59505 
.59461 


Nice, w 


43 43 N 


7 16E 


i9oo»> 


II 58.2 W 


60 07.9 N 


.22397 


38999 


Toulouse, " 


43 37 N 


I 28 E 


1900 
1901 
1902 

1903 
1904 

1905 


14 17.5 w 

14 13.7 w 

14 imW 
14 09.1 W 
14 05.8 W 
14 00.4 W 


60 55.1 N 
60 56.1 N 
60 53.0 N 
60 55.0 N 
60 52.0 N 
60 51.7 N 


.21914 
.21964 
.21988 
.21990 
.21982 
.22010 


.39401 
.39518 
.39478 
.39535 
•39440 
.39482 



^ Succeeding Pare St. Maur. 

* / and Zare means from first nine months of year only. There seems a slight 
discontinuity in H^ due to the introduction of a new magnetometer. 
I* Absolute determination only. 

I' Magnetic Observatory at Nice compelled to remove, in 1903, to ML Moumicr 
on account of disturbances from electric tramway. 

I' Means of monthly mean absolute determinations. 
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Placb 



latitude 



I^ongiiude 



Declination 



Inclination 



Intensity 
(C. G. S. units) 



Hor'l Vertical 



Perpignan, ^ 

Capodimonte, 
(Naples) 



Madrid, 



Coimbra, 



Baldwin, 
(Kansas) >« 



Cheltenham, 
(Maryland) >* 



Athens, 



San Fernando, 



Tokio, 



42 42 N 
40 52 N 



40 25 N 



40 12 N 



3847N 



38 44 N 



37 59 N 



36 28 N 



35 41 N 



2 53E 
14 15 E 



340W 



8 25 W 



95 10 W 



76 50 w 



23 42 E 



6 12 W 



139 45 E 



1900 

1900 
1901 
1902 
1903 
1904 

1900 
1901 

1900 
1901 
1902 

1903 
1904 
1905 

1902 

1903 
1904 

1905 
1906 

1902 

1903 
1904 

1905 
1906 

1899W 

1900 

1901 

1902 

1903 

1900 

1901 

1902 

1903 
1904 

1905 

1898 
1899 
1900 



13 37.3 w 

9 10.2 w 
9 05.7W 

8 56.5 W 
851.1W 

15 42.4 W 

15 35.6 W 

17 20.1 w 
17 16.1 w 
17 I2.6W 
17 09.3 W 
17 05.4 w 
17 01.5 w 

8 23.2 E 

8 24.8 E 

8 26.4 E 

8 28.0 E 

8 30.1 E 

5 06.8 W 

5 09.9 W 

5 13.6 W 

5 18.0 W 

5 22.0 W 

5 45.2 W 

5 42.3 W 

5 34.1 W 

5 26.6 W 

5 20.2 W 

15 59.3 w 

15 55-8 W 
15 510W 
15 48.4 w 

15 44.6 w 
15 40.3 w 

4 32.2 W 
4 33-7 W 

4 33.7 W 



59 58.4 N 



56 20.8 N 

56 171- N 

56 17.6 N 

56 15.3 N 

58 38.1 N 



22441 



.38828 



24150 
24169 



.36276 
.36219 



59 24.3 N 
59 19.6 N 

59 ^54 N 
59 11-9 N 
59 09.4 N 
59 06.4 N 

68 38.1 N 
68 39.5 N 
68 40.9 N 
68 43.1 N 
68 45.2 N 

70 22.5 N 
70 24.1 N 
70 25.1 N 
70 26.0 N 
70 27.3 N 

52 08.4 N 
52 07.7 N 
52 07.4 N 
52 04.7 N 
52 04.2 N 

55 09.2 N 
55 08.3 N 
55 04.4 N 
55 02.4 N 

54 59-9 N 
54 54.2 N 

49 03.1 N 
49 02.7 N 
49 <X).7 N 



22768 
.22805 
.22841 
.22859 
22885 
22900 

21950 
21904 
.21866 
2 184 1 
21807 

.20188 
.20145 
20103 
20074 
20034 



38506 
38449 
38403 
38345 
38322 

38273 

561 12 
56062 
56029 
56072 
,56086 

.56616 
56579 
56517 
56478 
56435 



26063 
26090 
26141 
261 14 

24631 
24664 
24650 

24699 
24741 
,24762 

29844 
.29856 

29909 



.33514 
.33541 
.33541 
33508 

.35378 
35405 
35300 
.35326 
.35331 
35237 

34393 
34400 
34421 



1* Observations suspended in 1901 on account of electric tramways. 
1^ Means from values Dec.-Jan., preceding and following. 
^ Means from values Dec.-Jan., preceding and following. 
^ For 1899 values are from absolute determinations June to December ; other 
values from photosrraphic register. 
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Intensity 


Plack 


Latitude 


I^njritude 


Year 


Declination 


Inclination 


(C. G. S. units) 




HorU 


Vertical 


(continued) 
Tokio. 


/ 
3541N 


/ 
139 45 H 


1901 
1902 


/ 

4 36.1 W 
4 38.3 W 


/ 
49 00.0 N 
48 57.6 N 


.29954 
.29903 


.34459 
.34350 


Zi-ka-wei, 


31 12 N 


121 26 E 


1899 

1900 

1901*' 

1902 

1903 

1904 

1905 


2 20.3 W 
2 22.2 w 

2 24.7 W 
2 25.1 W 
2 27.3 W 
2 28.2 W 
2 30.3 W 


45 47.6 N 
45 45.5 N 
45 41.6 N 
45 40.0 N 
45 38.8 N 
45 38.3 N 
45 37.1 N 


.32825 

.32859 
.32891 

.32939 
.32957 
.32985 
.33009 


.33747 
.33741 
.33697 
.33715 
.33708 

•33729 
.33729 


Dehra Dun, 


30 19 N 


7803E 


1903 
1904 

1905 


2 41.6 E 
2 40.8 E 
2 39.9 E 


43 14.0 N 
43 lao N 
43 24.2 N 


.33430 
.33405 
•33383 


.31429 
.31479 
.31572 


Helwan, 


29 52 N 


31 21 E 


1903 
1904 


3 21.4 W 
3 17.1 W 


40 31.2 N 
40 34.3 N 


.30209 
.30161 


.25819 
.25825 


Barrackpore, 


22 46 N 


8822E 


1904 
1905 


I 224 E 
I 18.0 E 


30 20.0 N 
30 22.5 N 


.37224 
.37242 


.21781 
.21828 


Hongkong, 


22 18 N 


114 10 E 


1900 
I901 
1902 

1903 
1904 

1905 


18.5 E 
164 E 
15.0 E 
13.5 E 
10.5 E 
08.9 E 


31 24.7 N 
31 20.8 N 
31 16.3 N 
31 11.6N 
31 09.8 N 
31 06.6 N 


.36728 
.36783 
.36834 
.36830 
.36953 
•36975 


.2243a 
.22406 
.22372 
.22299 
.22347 
.22317 


Honolulu, » 

(Hawaii) 


21 19 N 


158 04 w 


I902'* 

1903 
1904 

1905 

1906 


9 18.0 E 
9 18.7 E 
9 20.0 E 
9 20.9 E 
9 21.7 E 


40 14.5 N 
40 13.2 N 
40 lo.o N 
40 05.4 N 
40 01.8 N 


.29296 
.29260 
.29239 
.29238 
.29220 


.24794 
.24744 
.24679 
.24612 

.24545 


Taungoo, 


18 56 N 


96 27 E 


1905 


48.4 E 


22 58.3 N 


.38675 


.16394 


Colaba, 

(Bombay) 


1854N 


7249E 


I900» 

1901 

1902 

1903 

1904 


24.5 E 
21.9 E 
19.5 E 
17.5 E 
15.5 E 


21 224 N 
21 30.5 N 
21 37.3 N 
21 43-7 N 
21 49.8 N 


.37438 
•37434 
.37422 
.37409 
•37391 


.14652 
.14752 
.14833 
.14908 
.14978 



*' Beginning with 1901, values relate to new Observatory buildings. Observa- 
tions at the old and the new sites show apparently small differences in D and H 
(Zi-ka-wei. Bull. v. XXVII, p. 7). 

1^ Means from values Dec.-Jan., preceding and following. 

u Results for H are 60 y greater than those heretofore published, as it has bee» 
found that value of /T from magnetometer there requires a correction of that amonnt. 

^ These data differ from those in previous years' tables in being reduced to the 
mean value for the day. 
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Intensity 


Placb 


UiUtude 


Longitude 


Year 


Declination 


Inclination 


(C. G. S 


units) 




Hor'l 


Vertical 


(continued) 
Colaba, 
(Bombay) 


o / 
1854N 


/ 
72 49 H 


I906« 


/ 

14.0 E 
13.2 E 


/ 

21 58.5 N 

22 034 N 


.37382 
.37393 


.15084 
•I5150 


AUWLg, 


.... 


.... 


1904 

1905 
1906 


I 09.4 E 
I 06.5 E 
I 05.5 E 


22 54.7 N 

23 01.6 N 
23 08.7 N 


.36880 


.15588 

.15671 
.15762 


Vieques," 


1809N 


65 26W 


1904 

1905 
1906 


I 18.7 W 
I 25.8 W 

1 33.2 w 


49 40.9 N 
49 47.7 N 


.28927 


.34158 
.34224 


Manila, 


14 35 N 


120 59 E 


1901 
1902 

1903 
1904 


52.2 E 
49.8 E 
50.9 E 
51.4 E 


16 II.I N 
16 07.7 N 
16 02.4 N 
16 00.2 N 


.38185 
.38186 
.38215 


.11058 
.11041 

.10979 
.10960 


Kodai-Kanal, 


10 14 N 


77 28 E 


1903 
1904 

1905 


23.4 w 
27.2 W 
031.9W 


3 05.0 N 
3 ii.o N 
3 16.7 N 


.37367 
.37381 
•37403 


.02013 
.02079 
.02142 


BataTia, 


6 II S 


106 49 E 


1902" 

1903 

1904 


I 02.4 E 
59.7 E 
57.5 E 


30 17.6 S 
30 23.7 S 

30 33.2 s 


.36717 
.36697 


.21450 
.21526 
.21662 


Dar-es-Salem , 


649S 
8 48 S 


39 18 E 
13 13 B 


1903 

1902 

1903 
1904 


7 35.2 W 

16 59.9 W 
16 53.8 w 
16 45.5 w 








St. Paul de 
Loanda,'^ 


34 52.9 S 

35 02.1 S 
35 07.0 S 


.20297 
.20280 
.20242 


• 


Tananarive,** 


1855 s 


47 32 E 


1902" 

1903 
1904 

1905 
1906 


10 15.0 W 

10 07.0 w 

9 57.9 W 

9 4a8 W 

9 39.2 W 


54 07.5 S 
54 06.2 S 
54 06.6 S 
54 076 S 
54 08.6 S 


.25736 
.25676 
.25571 
.25485 
.25416 


.35586 
.35474 
.35338 
•35241 
.35167 


Manritins, 


20 06 S 


57 33 E 


1900 
1901 
1902 

1903 


9 29.0 w 
9 21.6 W 

9 17.8 w 
9 15.9 w 


54 II.O S 
54 07.6 S 
54 05.1 S 
53 59.4 S 


.23826 
.23809 


.33015 
.32922 

.32794 
[.3258^ 



*> Three months, January to March only. Observatory practically discontinued 
after April i, 1906 ; succeeded by new Observatory at Alib&g. 
** Means from values Dec.-Jan., preceding and following. 

* Use is made of magnetograph results from Buitenzorg (latitude 6^ 35' S. , 
longitude 106® 4/ E), but the absolute values apply apparently to Batavia. Observa- 
tory at Batavia discontinued April i, 1899, on account of electric car disturbances. 

** Means of monthly absolute observations (three to four per month). 
** Means of monthly mean absolute determinations. 

* Eight months, May to December. 
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(VoK^Xn. Na.4.] 



Intensltj 
rC G. S. nniti) 

Hot*! Vertical 



« 3*^ r 5jE 



rc^ a 55 5> 45 



1906 

1905 
I9CH 
5905 



1905 
i9ci 



9 M-9W S5 54.5 S 
9 11-3W 53 55.5 S 
9 12^ W 53 52-9 S 

8 17-2 W 13 22.9 S 

8 279W 13 354 S 

S 57 5 W 13 42.9 S 

8 46^W 13 51.7 S 

14 41.6 E ip 55^ S 
14 i6L9 E 30 41-6 S 
14 31.3 E 30 31^ S 



9ieZbocr»c. 



57 y: S :44 5 



5»E 



Chr^stchwc^ A3 >i S 172 37 E 



i>09*^ S 25.^ E 67 23.1 S 
1901* % 26.7 E 67 25^ S 



1903 
1904 



16 i8l4 E 67 42.3 S 
16 22.6 E 67 44.2 S 



23631 
•23584 
^55^ 

24869 
.24798 

24793 
24777 



•23323 
23305 

22657 
22632 



32416 
.32371 
32243 

.05912 

•05987 
•06054 

- ^ - -* 
JQDO90 



55989 
56024 

55259 

•55283 



' Ab«o!3te o^twrmi ■■!. Febnury i^ Maxck 51. April 4, September 30. 
* Abacus te o bm u*M tKm% September jotk. 
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LETTERS TO EDITOR 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE CHELTENHAM 
MAGNETIC OBSERVATORY. 

July I— September 30, 1907. 



Gkbbnwich Mban Timb 


Ranob 




Beginning 


Ending 


D 


H 


z 


h m 
Uly 10, 14 22 
;fuly 27. 5 56 
August 30, 7 12 
September 10, i 49 
September 16, 6 48 


h m 
July 11,1230 
July 28, HOD 
August 31, 630 
September J 2, 21 00 
September 17, 2200 


1 

28.8 
36.6 
25.6 
28.3 
24.1 


y 

250^ 
114 
134 

172 


y 

240 
230 

48 
100 

32 



iQn July ixth the value of 1/ fell so low that the spot of light passed off the 
Paper ; the range is accordingly greater than the value given above. 

J. E. BuRBANK, Observer-in-Charge. 
O. H. TiTTBiANN, Superintendent, 
Coast and Geodetic Survey, 



CONCERNING PUBLICATION "CARACTERE MAGNETIQUE DE 
CHAQUB JOUR." 

M. LB Dr. Maurits Snbixbn, ancien directeur k Tlnstitut m^t^orologi- 
qne ft De Bilt, venaut de mourir, nous avons rhonneur de vous faire savoir 
que, par suite d'une decision du Bureau ez6cutif de la Commission Interna- 
tionide de Magn6tisme Terrestre, Tlnstitut m6t6orologique royal des Pays- 
Bas se chargera de la publication du ^Caract^re Magn^tique". 

Nous vous prions done de bien vouloir envoyer vos listes du caractftre 
niagn^tique ft 

PIkstitut mitiorologiquervyat des Pays-Bos ) 
De But (Hollande). ] 

Le Directeur- en chef^ 
De Bilt, navembre tgoj, E. van Evbrdingbr. 
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NOTES 



13. ContinuatUm of Baldwin Magnetic Observatory. In the June 1907 
issue of this Journal it was stated that the operation of the Baldwin Bfiagnetic 
Observatory would be discontinued at the close of the present calendar year. 
Upon final consideration of the usefulness and needs of continuous magnetic 
records in this region of the United States the Superintendent of the Coast 
and Geodetic Survey has decided to continue the operation of this observ- 
atory for the present, pending the construction and establishment of another 
observatory, somewhere west of the Mississippi River, to replace it 

14. Work of the Magnetic Survey Yacht ''Galilee'' during igoj. Since 
the progress reported in Note i, p. 37 of current volume, the " Galilee " has 
successfully accomplished the following cruise as indicated by the ports in 
the order visited: Nukuhiva (Marquesas Islands), Tahiti, Apia, Yap (Caroline 
Islands), Shanghai, Sitka, Honolulu, Midway Island, Jaluit (Marshall Islands), 
and finally Christchurch, New Zealand, where she arrived on December 24th. 
The commander W. /. Peters^ and observing personnel have remained the 
same except beginning at Sitka Mr. J. C. Pearson was relieved from sea duty 
in order to carry out important land work in British North America, Mr, 
P. H. Dike taking his place on the ship. At Sitka, the " Galilee " was in- 
spected in August by Dr. Bauer and some changes in the instrumental 
equipment were made. From Christchurch the vessel will proceed to Callao, 
Peru, and from thence to San Francisco, when the total length of her cmiseB 
in the Pacific Ocean since Aug. i, 1905, will have aggregated about 65,000 
nautical miles. 

15. Personalia. We regret to have to record the death of Dr. Mauriis 
Snellen, on October 20, 1907, a sketch of whose life and work with portrait, 
appear in the current number as also that of Lord Kelvin on December 17, 
whose portrait and biographical sketch appeared in Vol. VIII, Plate I, and p. 
33. The death of Professor Alfonso Sella, professor of experimental physics 
in the University of Rome, well known for his researches on the Rontgen rays 
and in radioactivity, on November 25, must likewise be recorded with regret. 

Dr. IV. Doberck has retired from the position of director of the Hong 
Kong Observatory, and has been succeeded by Mr. F. G. Figg. His perma- 
nent address in now " Knowloon", Elgin Road, Sutton, Surrey, England. 

The Executive Committee of the National Physical Laboratory has ap- 
pointed Mr. G. W. Walker, ofiBcial assistant to the professor of natural phi- 
losophy in the University of Glasgow, as superintendent of the Eskdalemuir 
Observatory. 
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ABSTRACTS AND REVIEWS 



UTTLEHALES' ALTITUDE, AZIMUTH, AND GEOGRAPHICAL 
POSITION TABLES. » 

In this magnificently-executed volume is presented a graphic method for 
the simple reduction of those navigational and astronomical problems de- 
pending upon the solution of the spherical triangle of which tivo sides and 
the included angle are given. A short text is devoted to examples and their 
solutions, showing the range of application of the graphs. The balance of 
the volume is devoted to the 368 plates and index plate, which form the basis 
of the work. From these plates solutions can be readily made to the degree 
of accuracy consistent with that of the usual navigational observations. 

The possible extension of the use of these graphs are many, e. g, : they 
could be used with great advantage for azimuths in rapid reconnaissance on 
land by the use of a few azimuth charts prepared from them for the region of 
the work. 

It would be helpful if the numbering of the circles of the index chart 
were made so as to be some even multiple of the circumferences of the graphs, 
as this would possibly facilitate reference from index to particular graphs 
used. Thus in the Department Terrestrial Magnetism of the Carnegie Insti- 
tution of Washington, a table has been prepared showing the relation be- 
tween the circle-numbering and circumferences, and it has been found a very 
convenient addition in the extended use of the graphs. 

The work is monumental in character, and as a whole fully justifies Mr. 
Littlehales* statement in his preface : " The object held in view in this work 
is not only to simplify and shorten the labors of scientific navigators and 
geographical explorers, but to open to all navigators the field of astronomical 
navigation which has heretofore been restricted to those of higher educa- 
tion." J. A- Plbming. 

THE TENTH EDITION OF MULLER-POUILLET'S PHYSICS.* 

This new edition of a well-known work was to have been edited by Dr. H. 
v. Wild. Owing to his death in 1902, the work of revision was entrusted to 
Dr. Pfanndler, who had already prepared the 8th and 9th editions. 

1 Littlehales, G. W. Altitude, Azimuth, and Geographical Position ; com- 
prising graphical tables for finding the altitude and azimuth, the position-line, and 
the variation of the compass ; and for identifying observed celestial bodies, and find- 
ing the course and distance in great circle sailing. Price |2S. Philadelphia, J. B. 
Lippincott Co., 1906; 16 unnumbered pp., text and tables; 368 plates and Index to 
plates. 36 cm. x 60 cm. 

« Muller-Pouillet's Lehrbuch der Phjrsik und Meteorologie, loth Edition, 
revised and enlarged, in four volumes. Edited by Leop. Pfanndler, Professor of 
Physics at the University of Graz. First Volume, Mechanics and Sound, in two 
parts, pp. xiv -f 801. Braunschweig, Vieweg, 1905 and 1906. 
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The text-book has become invaluable both to teachers of physics and to 
workers in related sciences. It is unnecessary to do more in the present re- 
view than to compare the volume before us with the ninth edition, and to 
point out certain features of special interest to the readers of this Joumal. 
The tenth edition is printed with larger pages than its predecessors, and 
slight changes have been made in the order of treatment As in former edi- 
tions, the mathematical treatment is extremely simple, demanding only an 
acquaintance with trigonometry. No departure is made from the former 
general plan of work, of emphasizing throughout the experimental side of 
the science. In addition, the various laws are derived as fully as may be by 
simple mathematical analysis. Rather than adhere to a strictly logical ar- 
rangement, the authors have preferred to develop the subject in a manner 
which they consider suited to the needs of the beginner, describing, for ex- 
ample, each instrument in detail as it is first encountered. Most of the old 
figures are reproduced, together with new ones of a high degree of excellence. 
Fig. 155 is, however, incorrectly drawn. 

One notes the same exactness of statement as in the earlier editions, and 
the same wealth of detail, amounting at times to redundancy. An example 
of the precision with which physical quantities are explained is seen in the 
paragraph on kinetic energy, where it is pointed out that since we know 
nothing of absolute velocity, the kinetic energy of a body can be understood 
only in reference to the rest of the system considered. 

In view of the somewhat numerous errors, typographical and other, a 
complete list of errata is greatly needed. Not even all the errors of the pre- 
ceding edition have been corrected. The index is improved, but it is still far 
from complete. Thus, under ** Wage " one finds no reference to the reduc- 
tion of weighings to vacuum, though this subject is separated by a wide in- 
terval from the excellent account of the balance. 

The volume is brought tolerably well down to date by new data and de- 
scriptions, though there are conspicuous exceptions. In making references 
to other books, the latest editions have not in all cases been mentioned. 
These blemishes, while not seriously detracting from the high standing of the 
work, are of a sort that ought to have been avoided in the present edition. 

The descriptions of instruments with their adjustments are excellent. 
In the case of the cathetometer, the various optical adjustments would have 
been more general if applied to the theodolite. A good account of azimuth 
observations on the Pole Star and the Sun is given, though more might have 
been said about the use of the sextant To the list of air-pumps have been 
added the self- regulating Sprengel type and the oil pump, and with less ap- 
parent justification two other types which are too new to have been exten- 
sively introduced. Descriptions of air-fans, American windmills and the 
"Rohrpost*' mark recent progress in the utilization of air pressure. 

The very complete sections on vibrating strings and on organ pipes 
might well have included a fuller account of the physical processes in which 
the cause of the continuous oscillations is to be found. This would furnish a 
particularly helpful means of paving the way to an understanding of electric 
oscillations later. 

In the chapter on elasticity, but little space is devoted to tension, and no 
mention is made of the modulus of shearing. 
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An ingenious use of the properties of magnets is made in the demon- 
stration illustrating the paths of heavenly bodies by the motion of a sus- 
pended iron ball around a magnet pole, and in the experiment illustrating 
relative motion. We note also the method of measuring the moment of in- 
ertia of an oscillating body by the aid of a ring of known dimensions. 

Of the three remaining volumes, parts of which have already appeared 
and which will be reviewed in a later issue, the second ( Optics ) has been 
revised by Lummer, the third (Heat, Chemical Physics and Meteorology) by 
Pfaundler, Drucker, Wassmuth and Hann, and the fourth (Electricity and 
Magnetism) by Kaufmann and Nippoldt. This last volume, and particularly 
the chapters on terrestrial magnetism by Dr. Nippoldt, will be awaited with 
interest W. G. Cady. 

IVesUyan Universityy Middletown, Conn. 



Schuster, A. THE DIURNAL VARIATION OF TERRESTRIAL 
MAGNETlSM.i 

(Received October 31,— Read November 7, 1907.) 

Author's Abstract. 

I. In a previous communication* I proved that the diurnal variation of 
terrestrial magnetism had its origin outside the Earth's surface, and drew the 
natural conclusion that it was caused by electric currents circulating in the 
upper regions of the atmosphere. If we endeavour to carry the investigation 
a step further, and consider the probable origin of these currents, we have at 
present no alternative to the theory, first proposed by Balfour Stewart, that 
the necessary electromotive forces are supplied by the permanent forces of 
terrestrial magnetism acting on the bodily motion of masses of conducting air 
which cut through its lines of force. In the language of modern electro- 
dynamics, the periodic magnetic disturbance is due to Foucault currents 
induced in an oscillating atmosphere by the vertical magnetic force. The 
problem to be solved in the first instance is the specification of the internal 
motion of a conducting shell of air, which shall, under the action of given 
magnetic forces, determine the electric currents producing known electro- 
magnetic efiTects. Treating the diurnal and semi-diurnal variations separately, 
the calculation leads to the interesting results that each of them is caused by 
an oscillation of the atmosphere which is of the same nature as that which 
causes the diurnal changes of barometric pressure. The phases of the baro- 
metric and magnetic oscillations agree to about 1% hours, and it is doubtful 
whether this difference may not be due to uncertainties in the experimental 
data. In the previous communication referred to, I already tentatively 
suggested a connection between the barometric and magnetic changes, but it 
is only recently that I have examined the matter more closely. In the 
investigation which follows, I begin by considering the possibility that both 
variations are due to one and the same general oscillation of the atmosphere. 

» Read before the Royal Society, Nov. 7, 1907. 
*• Phil. Trans.,* vol. 180, p. 467 (1889). 



Digitized by 



Google 





fM AMSTftA-rrS A.\'D BEV JEW'S t»*^ xn, is<x «.) 

power of tbe mir 

It is to be ofaaerrcd, bow- 

. vfccre tbe p>f MBif is too smsll 
tbeir ori^tm, therefore, in 
^ iadepcadextly. Tboogti 
we rfiaH iksA t!ut tbe £Kts bu? be recowcjcd vitb tbe sbapler snppositioB 
of ooesaiteil oftcllatxw of tbe wbote tbeTT of sir. tbere are certadn difficulties 

sad aorpiitade bct w im tbe «p9cr sad S u o u Ia3fcrs^ If tbe two oscillstions 
mn. vpaX/t i a dep ea dct, tbe coo d.j c tia g power d tpeadui g €>p tbe now nnknown 
itade of tbe po i odu. naotiow csa aot be rakalatrd. bwt most still be large 
aBpdtade rrscbrs s higbri order of isgsitoiV tbsa we bave sny 

Tbe autbensticsi sosIt^is is siiBple so lam% as we take tbe electric con- 
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tbe theory dcounds requires so^ czpiaaatkm, aad solar radiation suggests 
itself as a possible caase. Heace we ongbt espect an ia cieas ed conducting 
pu w ei ia saiBmer and is 6mj tinie as cooipared with that found during winter 
aad at night. O b a ci i ati oa shows, iadeed. that tbe amplitBde of the magnetic 
variation is considerablj greater in saauaer than in winter and we know that 
tbe needle is at oomparatiTe rest during tbe night. The variable conducting 
power depending on the position of tbe Sun helps us also to overcome 
a difficulty which at first sight would appear to exclude the possibility of 
any dose connection between tbe barometric and magnetic variations; the 
difficulty is presented by the fi^ct that the change in atmospheric pressure is 
mainly semi-diurnal while tbe greater portion of the magnetic change is 
diurnal. This maj, to some extent, be explained by the mathematical calcula- 
tion, which shows that the flow of air giving a 24-hourly variation of 
barometric pressure is more effective in causing a magnetic variation than the 
corresponding 12-hoarly variation, but the whole difference can not be ac- 
counted for in this manner. If, however, the conductivity of air is greater 
during the daj than during the night, it may be proved that the la-hourlj 
variation of the barometer produces an appreciable periodicity of 24-hours in 
the magnetic change, while there is no sensible increase in the 12-hourly 
magnetic change, due to the 24-hourly period of the barometer. The complete 
solution of tbe mathematical problem for the case of a conducting power 
proportional to the cosine of the angle of incidence of the Sun*s rays is given 
in Part IL But even this extension of the theory is insufficient to explain 
entirely the observed increased amplitude of tbe magnetic variation during 
summer. We are. therefore, driven to assume either that the atmospheric 
oscillation of the upper layer is greater in summer than in winter and is to 
that extent independent of tbe oscillation of the lower layers^ or that the 
ionising power of solar radiation is to some extent accumulative and that the 
atmospheric conductivity is, therefore, not completely determined by the 
position of the Sun at tbe time. The increased amplitude at times when sun- 
gpots are frequent is explained by an increased conductivity corresponding 
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to an increase in solar activity. All indications, therefore, point to the Sun 
as the source of ionisation, and ultra-violet radiation seemd to be the most 
plausible cause. 

A good test of the proposed theory may be found in a closer examination 
of the diurnal magnetic changes in the equatorial regions, because, owing to 
the inclination of the magnetic to the geographical axis, the magnetic changes 
ought to have a term which does not depend on local time, but on the time 
of the meridian containing the geographical and magnetic pole. This term 
has its greatest importance at the equator and at the time of the equinox. A 
study of the lunar effects may also lead to interesting conclusions, as, accord- 
ing to the point of view of the present paper, they must be explained by some 
tidal oscillation. 

The value of the conductivity necessary to explain the diurnal variation 
in the manner indicated depends on the thickness of the layers which carry 
the currents. If e be the thickness and /> the conductivity and the amplitude 
of oscillation in the upper layers is assumed to be the same as that deduced 
from the barometric variation, it is found that />^ = 3 x io-<J. If e is equal to 
300 kilometers, the conductivity would have to be as high as lo-^^, while the 
observed conductivity of air at the surface of the earth under normal con- 
ditions is of the order ior24 ; at a height at which the pressure is reduced to 
one degree per square centimeter, the conductivity would be lo-lS, assuming 
the rate of recombination to be independent of temperature and the ionising 
power to be the same. This calculation is based on the assumption that the 
ions conveying the current are identical with those we observe at high 
pressures, while it is of course possible that the ionic velocities are much 
greater. But taking all these possibilities into account, we are led to the 
conclusion that there must be a powerful ionising agent giving a high con- 
ductivity to the upper layer of the atmosphere. 

If the fundamental ideas underlying the present inquiry stand the test of 
further research, we are in possession of a powerful method which will enable 
US to trace the cosmical causes which affect the ionisation of the upper regions 
of the atmosphere and which act apparently in sympathy with periodic 
effects showing themselves on and near the surface of the Sun. 
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